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INTRODUCTION 



Among the numerous interesting zoological 
specimens brought back by Professor Kiikenthal 
from East Spitzbergen on his return from the Bremen 
Expedition (1889),^ was a small species of Apus — 
presumably Lepidurus glacialis (Kroyer). Professor 
Kiikenthal very kindly handed these specimens to 
me for examination. By the kindness of the Rev. 
Canon Norman, I also received Greenland specimens 
of Lepidurus glacialis (Kroyer), and from Professor 
Lechd, of Stockholm, specimens of the Lepidurus 
glacialis found by Professor Nathorst in West Spitz- 
bergen ; Professor Mobius, the director of the Berlin 
Natural History Museum, generously sent me speci- 

^ Dr. Alfred Walter, to whom this book is dedicated, was Professor 
Klikenthars companion daring this expedition. He died shortly after 
his return. 
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mens of Apus cancriformis, and Professor Biedermann, 
of Jena, very ki;idly obtained for me specimens of 
Apus cancriformis, Lepidurus productus, and Branchi- 
pus stagnalis from Prague, especially preserved for 
histological purposes. An examination of the Spitz- 
bergen specimen led to the conclusion that it 
was a small variety of Lepidurus glacialis, which 
I propose to call Lepidurus Spitzbergensis ; the 
grounds for this determination are given fully in 
Appendix I. 

In studying the anatomy of the Spitzbergen 
specimens, and in comparing it with that of the other 
members of the family Icindly placed at my disposal 
by the gentlemen above named, I was gradually led 
to cast my notes into the form in which they are now 
published. 

It has long been recognised that the Phyllopoda 
possess many markedly Annelidan characteristics, and 
that they are therefore, of all living Crustacea, nearest 
in affinity to the primitive Crustacean. In my study 
of the Apodidae I was so much struck by the resem- 
blance between the organisation of Apus and that of 
a carnivorous Annelid, that I finally decided to work 
entirely along this line. I resolved, by a closer study 
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of each organ and system of organs, to find out as far 
as possible whether this resemblance was a case of 
homology or analogy, and, if the former, to endeavour 
to trace the causes which led to the transformation of 
the carnivorous Annelid into the Crustacean. 

Shrewd conjectures have been made as to the 
possible derivation of the Crustacea from Annelids, 
but I am not aware that this point has ever before 
been worked out in detail, and I should hardly have 
ventured to undertake such a task had not my study 
of Apus forced it upon me. 

My original intention ^ of preparing a comparative 
anatomy of the Apodidae thus gave way before the 
more ambitious attempt to use Apus as a key to 
solve the hitherto unsolved problems as to the origin 
of the Crustacea, and the true affinities between the 
various groups. 

This resolution, however, was not formed at once. 
The book is written in the order in which the subject 
was worked out. 

The first part, which deduces Apus from a carnivo- 
rous Annelid, was all I at first intended to publish. 
Having never made a special study of Limulus nor 

^ Announced in a letter to Naturcy reprinted in Appendix V. 
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of the Trilobites, I hesitated to discuss their relation 
to Apus, and my knowledge of the Crustacea was 
not sufficient to justify my attempting to form a 
genealogical tree of the whole class. I intended to 
content myself with an endeavour to show that in 
the Apodidae the process and method of the trans- 
formation of carnivorous Annelids into Crustacea 
was still visible in almost every organ and system of 
organs. The unavoidable conclusion from this would 
be, that Apus must be — for some groups at least — 
the original form. 

Here I thought to leave the matter to be followed 
up by zoologists whose knowledge and experience of 
the special groups were greater than my own. My 
curiosity, however, was too great, and after the first 
part of this manuscript was practically in its present 
form, I decided to see, by a study of Limulus and 
the Trilobites, whether Apus was to be looked upon 
as the original form of the modern Crustacea only, or 
whether it could pass for the original of the whole 
class, including these archaic forms. This investiga- 
tion led to the writing of the second part, which was 
thus an afterthought — an afterthought which, how- 
ever, gives to the book whatever value it possesses. 
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The attempted proof in the first part that Apus is 
an original Crustacean easily derivable from an 
Annelid, however interesting in itself, must have 
remained little more than a curious morphological 
study. The appeal made in the second part to 
palaeozoic Crustacea must, however, be decisive as to 
whether our claims for Apus as one of the original 
forms can be definitely established. 

In commencing Part II., it was no small encourage- 
ment to find that most of the earlier zoologists, as if 
by instinct, classed Apus with the Xiphosuridae and 
the Trilobites. This provisional classification had 
not, however, held its own, and it was necessary to 
examine the reasons why it had not done so, and to 
see if it was not after all justified by the facts. My 
investigations led me to the conclusion that if Apus is 
deducible from a carnivorous Annelid in the manner 
described in the first part, there is no possible escape 
from accepting a similar derivation for the Giganto- 
straca, as Haeckel has called these ancient forms. I 
found that, strange as it may at first seem, the 
very differences between Apus and these ancient 
Crustaceans yielded almost more striking proofs of 
their having had the same origin and of their close 
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relationship, than did the many resemblances which 
have been long recognised as existing between them. 
The second part thus proves what the first part only- 
rendered probable. 

In such an investigation as this a writer is always 
open to the charge of having interpreted the facts as 
he wished to interpret them. I cannot of course deny 
that the speculation was of such absorbing interest 
that I was not indifferent to the conclusion, and that I 
therefore naturally seized upon the facts most favour- 
able for the establishment of my argument ; but at 
the same time I am not conscious of having ignored 
difficulties. If, nevertheless, I have unconsciously 
distorted the facts in order to establish my con- 
clusions, I comfort myself by the reflection that those 
conclusions are of such great zoological importance 
that they cannot long pass unchallenged. 

I may perhaps mention the fact that whereas in the 
first part I have relied almost entirely upon my own 
researches into the anatomy of the Apodidae and of 
the carnivorous Annelids, in the second part I have 
had to draw many of the facts used in the arguments 
from the works of others. 

My sincere thanks are due to Professor Ernst 
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Haeckel, in whose laboratory the researches on which 
the following essay is based were carried out, for the 
friendly interest he took in them ; an<ialso to Professor 
Kiikenthal for his cordial sympathy and encourage- 
ment to proceed in a speculation which claims to 
solve so intricate a problem as the origin of the 

Crustacea. 

H. M. B. 

Streatham^ 1892. 
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THE APODID^ 

PART I 

SECTION I 

Object and Line of Argument 

The Apodidae have been known and studied for 
the last one hundred and fifty years. They have 
always attracted considerable attention, not only on 
account of their great size in comparison with other 
fresh-water Entomostraca, but also on account of their 
strange and sudden appearance in pools and ditches 
which owe their water entirely to the rainfall. This 
also is not all : their morphology has been a perpetual 
puzzle to zoologists, and they have been classed by 
some with archaic forms such as the Trilobites and 
Limulus, v/hile by others they have been considered 
as highly specialised recent forms. 

This essay claims by a new explanation of the 
morphology of the Crustacea, to set this latter point 
.IE B 
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at rest, and to show that Apus must not only be 
ranked by the side of the Trilobites as one of the 
primitive Crustacean forms, but that it is itself a true 
link between the living Crustacea and the Annelida. 
By careful examination of the organisation of Apus, 
and a comparison of it with that of a carnivorous 
Annelid, it is possible to show, as will be done in the 
following pages, that Apus is perhaps the most perfect 
" missing link " which zoology so far possesses, perfect, 
not only because its morphology is easily deducible 
from that of a carnivorous Annelid, but also because 
the mechanical causes of the transformation are 
apparent. The Apodidae will in fact be found to 
afford us the first complete illustration of the rise of 
one large animal class out of another by the simple and 
natural adaptation on the part of one single species 
of the latter to a new manner of life. Close investiga- 
Tori shows the Apodidae to be both morphologically 
and biologically an almost ideal transition form. 

More or less satisfactory transition forms be- 
tween most of the great animal classes are now 
known, but none has till now been discovered 
between the Annelida and the Crustacea. The 
object of this book is to satisfy this want, not by 
the discovery of a new animal, but by a new ex- 
planation of one long known and often described. 

The established transition forms between the other 
classes of the animal kingdom still leave much to 
be desired. Between the Protozoa and Metazoa 
the transition forms are either claimed by botanists, 
or else, however probable, are somewhat hypothetical, 
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Between the Coelenterata and the Platodes we have 
rival links. When reading the arguments in favour 
of the claims of those specialised Ctenophora, the 
Coeloplana and Ctenoplana, we feel convinced ; but, 
on the other hand, when we study for ourselves 
under the microscope such a simple Rhabdocoele as 
Microstomum lineare, especially during its changes 
of shape when moving about under a cover glass, 
our former conviction fades away, and we see in it 
a specialised larval form of a Coelenterate. Between 
the Platodes and the Annelids the gap seems small, 
but we cannot bridge it over until we decide whether 
the segmentation of the Annelids is a kind of axial 
strobilation, or the natural mechanical selection of 
internal symmetry. Between the Annelids and the 
Molluscs we have the claims of Solenogaster to attend 
to ; but this animal is unfortunately so rare, that 
it will be long before we can hope to have any very 
thorough knowledge of its morphology. Between the 
Annelids and the Tracheata we have Peripatus ; this 
highly interesting animal, has a special claim on our 
attention, as the Tracheata form with the Crustacea the 
great class known as the Arthropoda. We shall find 
that our explanation of the rise of the Crustacea 
supplies us also with a very probable clue as to the 
origin . of the Tracheata. The Echinodermata and 
the Tunicata hover almost entirely in the air. And, 
lastly, we have the giant trunk of the Vertebrata, the 
roots of which are being eagerly sought in different 
directions. The claims of Amphioxus and of the 
Ascidian larva are confidently put forward by the 

B 2 
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majority of our leading zoologists, but there are diffi- 
culties not yet explained which make many restless, 
and lead them to search in other directions. 

In this state of affairs it will be a clear gain and 
encouragement if we can connect the Annelida and 
the Crustacea in the way described in these pages, in 
which we show how a typical carnivorous Annelid 
(presumably a Nereid, though probably not so 
specialised as any modern member of that family) 
can, by a simple and natural adaptation to a new 
manner of life, be established as the ground type 
of Apus. We mean a great deal by this expression 
"ground type," much more than any mere general 
resemblance of organisation ; we mean that every 
single organ of Apus, where it does not resemble 
that of its Annelid ancestor, is capable of being 
deduced from some organ in the latter, and, further, 
that the causes of the transformation are not far to 
seek. These are large claims ; the following pages 
will show whether they are justifiable. 

Before entering into the morphological and 
anatomical details upon which our deduction of the 
Apodidae from a carnivorous Annelid is based, it 
will make the task of the reader lighter if we here set 
out the line of argument. 

Many carnivorous Annelids have, as is well known, 
a protrusible pharynx, armed with teeth, which is shot 
out for the seizing of prey. We assume that the 
Annelid from which Apus is derived, adopted a 
habit of browsing, which rendered this protrusible 
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pharynx unnecessary, so that it degenerated. The 
Annelids afford us such a wonderful variety of 
forms adapted to almost every possible manner 
of life, that this assumption presents no difficulty. 
Cambrian and Silurian formations have revealed to 
the palaeontologist abundant evidence that early 
Chaetopods crawled about along the bottom of the 
seas of those times. That one of these should become 
specialised for feeding in the manner supposed, is 
not too much to ask. 

The use of the pharynx just described is, as far as 
we can see, a clumsy method of obtaining food. The 
loss of it, and the adoption of a browsing method of 
feeding, might well be a gain. The further develop- 
ment of this habit would lead to a bending round of 
the head sufficient to enable the animal to use its 
anterior parapodia for pushing prey into its mouth. 
In time the bend of the head would become fixed, and 
the parapodia modified as jaws and maxillae. The 
parapodia of at least a certain number of anterior 
trunk segments would certainly also serve to rake 
food together into the middle line and forward it 
towards the mouth. From this very simple and natural 
modification of a Chaetopodan Annelid, we believe that 
all the Crustacea, living or extinct, can be deduced. 
To establish this, is the object of this little book, which 
we have called " The Apodidae," since it was during our 
study of these Phyllopods that we first caught sight of 
the Annelid, so effectually disguised under its Crusta- 
cean dress. Although this disguise is so complete as to 
have eluded all former research, yet when once under- 
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stood, it is found to be very superficial. We shall be 
able to show, in the following pages, that the Apodidae 
agree in almost every detail of their organisation with 
such an Annelid, and that any disagreement is chiefly 
due to further specialisation in adaptation to the 
new manner of life described. 

Commencing with the head, we shall show how the 
morphology of the typical Crustacean head is easily 
explained by the bending round of the five anterior 
segments of such an Annelid for the purpose of 
browsing. 

The trunk of Apus will be shown to be a true link 
between the mapy-segmented Annelids, and the 
Crustacea with their small and almost constant 
number of segments. The rise of the shield will be 
briefly mentioned, a fuller account of it being reserved 
till we compare Apus with the Trilobites. 

The gradual transformation of the Annelidan 
cuticle into the exoskeleton of the Crustacea, to which 
many of the changes in the inner organisation of the 
latter are to be referred, will be found well illustrated 
by the Apodidae. 

The Annelidan parapodia (with their dorsal and 
ventral branches) will be shown to be capable of 
developing every form of Crustacean limb, the reasons 
for the suppression of one part and the development 
of another being generally fairly evident, Apus again 
supplying the clue. 

Coming to the inner organisation, we shall take in 
turn, the musculature, the nervous system, the sensory 
organs, the alimentary canal, the circulatory system, 
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the excretory and other glands, and, lastly, the repro- 
ductive organs. We shall either point out the 
resemblances in each case between these organs and 
those of our Annelid, or else show how they can be 
deduced from Annelidan organs. It will be found 
that while some of the modifications of Annelidan into 
Crustacean organs are easy to follow, the explanation 
of others has to be sought, and may thus appear to be, 
in some cases, far-fetched. 

And here we must remind our readers that it is 
enough for our argument if we can show that such a 
deduction is possible. It is not essential to our theory 
that we should show exactly how the inner transform- 
ations actually took place. Our explanations may 
themselves be incorrect, but the validity of our argu- 
ment can only be seriously weakened by showing that 
a set of organs in Apus could not possibly have been 
derived from any organs in the Annelida ; or that the 
improbability of such a transformation is so great that 
no experienced morphologist would accept it. 

We shall conclude the first part of this essay by an 
appeal to the Nauplius, to see whether it bears out our 
theory that Apus is the original form of the majority 
of the modern Crustacea ; or, in other words, whether 
Apus can itself claim to be the proto-Nauplius of 
zoologists. We shall endeavour to describe the exact 
morphology of the Nauplius considered as the Apus 
larva or the Apus-stage in the development of the 
other Crustacea. 

This will conclude Part I., which we hope will have 
shown that, so far as such claims can be based purely 
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Upon morphological, anatomical, and biological reason- 
ing, the Apodidae deserve to take the place we assign 
them as an almost ideal transition form between the 
Annelida and the Crustacea. Here, as stated in the 
Preface, we thought to leave the matter as an interest- 
ing suggestion. Fortunately, however, we have the 
means of testing the accuracy of our conclusions.. 

Admitting, on the one hand, that the confirmatory 
evidence as to the truth of our theory given by the 
Nauplius need by no means be conclusive, we maintain, 
on the other hand, that the answer which we receive 
to our appeal to palaeontology and to such archaic 
living forms as Limulus must be decisive. Thus we 
enter upon the second part of our essay in order to 
obtain a final " yea " or " nay " as to whether our theory 
is, as a whole, but a morphological tour de force ^ or a 
fairly close guess at the truth. 

We commence with Limulus, and show that if Apus 
is to be derived from an Annelid with the first five 
segments bent round ventrally, Limulus must have 
had a similar origin. 

In the second section we venture into the dangerous 
realm of the Trilobites. The mystery which surrounds 
these primitive Crustacea is so great, that every 
announcement of a new discovery bearing upon their 
morphology meets with more or less scepticism. 
Nevertheless, we believe that we can prove that our 
derivation of Apus from a bent Annelid reveals the 
Trilobites also in their true light, as so many attempts 
of browsing Crustacean-Annelids to adapt themselves 
to their surroundings — attempts which, in the long 
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run, proved unsuccessful, for reasons which we shall 
try to point out. 

After briefly discussing the Eurypteridae, we shall 
give an outline sketch of a new classification of the 
Crustacea based upon our theory, showing that 
while only one group of modern Crustacea admits of 
derivation from the Trilobites, all the rest, except 
Limulus, can be deduced from the Apodidae. We 
shall see reasons for believing that it was the develop- 
ment of the shield, either as bivalve shell, or as a large 
fold of the tergum of the fifth segment, which led to 
success in the struggle for existence. 

We should here say something as to the preservation 
of the Apodidae through so many geological ages. 
This is explained by the manner of life of the animals. 
They usually appear in ditches and pools dependent 
on the rainfall. In such waters they naturally come 
little into competition with other animals. The dry 
seasons are bridged over by the eggs being preserved 
in the mud. In this strange but perfectly natural 
way, Apus has, from the earliest times, been so com- 
pletely isolated that its preservation presents no 
difficulty. Its presence in every part of the globe, 
with almost always the same manner of life, is a sign 
of its great antiquity. 

The fact that no true fossil Apodidae are found, 
among the rich yield of Crustacean remains of the 
Silurian strata, admits of simple explanation. We say 
no true Apodidae, for we shall find that such forms as 
Hymenocaris and Ceratiocaris, though perhaps some- 
what more specialised, were probably very closely 
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related to the Apodidae. Both these points will be 
discussed more in detail in Part II. 

Finally, in a short concluding section we shall show 
that the method of differentiation which turned the 
Annelid into the Crustacean throws a flood of light on 
the origin of the Tracheata, and on some of the 
morphological differences which separate these two 
divisions of the Arthropoda. 

Several new points in the anatomy of Apus will be 
described and illustrated. Where these do not bear 
directly upon the subject, they will be given in full in 
an appendix, so as not to interfere with the course of 
the argument. 






SECTION II 
The Outer Body Form 

THE HEAD 

The comparative anatomy of the Crustacea has 
long ago established the fact that the Crustacean head 
must originally have been composed of five fused 
segments of an annulate body. Our derivation of 
Apus from a browsing Annelid explains the method 
of this fusion, that it did not take place along the 
longitudinal axis of the body, but by a doubling of 
this number of segments upon themselves. This 
term " doubling " or " doublature " has already been 
applied to the under sides of the forehead of such 
animals as Apus, Limulus, and the Trilobites, but 
apparently meaning nothing more than the doubling 
of the forehead, which has both a dorsal and a ventral 
surface. In reality, however, this "doubling" is the 
true description of the Crustacean head as shown in 
Figs. I and 2 ; these should be further compared with 
Fig. 46, p. 212, which represents a longitudinal section 
of a Trilobite, where the doubling is very clear. 
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PART 1 



Owing to the bending on itself of the cylindrical 
Annelidan body, the original head must have been 
anteriorly almost completely hemispherical (Figs, i and 
46). This form of the original Crustacean-Annelid head 
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Fig. I. — Diagram showing the first six segments of a carnivorous Annelid ; the first 
five being bent round ; /, the prostomium with two pairs of eyes and a median 
cirrus, i, the ist segment carrying a pair of antennae, its under edge projecting 
backwards as the lower lip(/). ^ 2, the 2nd segment with a pair of antennal para- 
podia. ^, the 3rd sep^ment with rudimentary dorsal parapodia, the ventral 
parapodia developing into mandibles. 4, the 4th segment with a pair of maxillae, 
the dorsal parapodium slightly less degenerated. 5, the 5th and last head 
segment, the dorsal parapoditim with large aciculum and gland. 6, the 6th 
segment (ist free segment) with large dorsal parapodium carrying gill (f) and 
sensory cirrus (f). 



was, however, very clearly modified. In most Trilobites 
traces of it are still visible in the glabella (Fig. 47, p. 2 1 3). 
In Apus, the disguise is very complete, the whole head 
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being broad and flat. This form is due to a ridge run- 
ning round the anterior surface as prolongation of the 
lateral edges of the shell fold. This ridge is of consider- 
able interest, as it appears in almost every Trilobite. 
We shall later find reason to believe that it was a 




Fig. 2. — Diagram of head and first trunk segment of Apus, for comparison with 
Fig. 1 — the lettering the same. In addition : s, shell gland (the acicular gland 
of Fig. I drawn into the shell fold). The distances between the limbs are much 
exaggerated in order to show their forms more clearly. 



primary differentiation of the new " head," t.e, the new 
Crustacean head, composed of five Annelidan segments. 
Its origin and modifications will be discussed in 
another place. This form of head is no doubt useful 
for swimming and perhaps for burrowing in the mud. 
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Excepting in the number of limbs, all external traces 
of its having been composed of five segments are 
obliterated. Internally, however, there are abundant 
indications of its origin from the bending of the 
Annelidan segments. 

The mouth lies ventrally and faces posteriorly, a 
fact which, taken in connection with the sharp bend 
in the oesophagus, to be described later, is enough of 
itself to suggest the original doubling of the segments. 
This ventral position of the mouth is an important 
characteristic of the whole class of the Crustacea, 
which has not received the attention it deserves. 

Projecting ventrally and posteriorly over the mouth 

15 a large upper lip, corresponding with the prostomium 
of the Annelid ancestor. This upper lip is thus a 
primitive feature among the Crustacea ; it occurs in a 
more or less pronounced form in most Nauplii, and 
persisted as a very highly developed organ in the 
Trilobites, but in the modern Crustacea it is 
generally more or less rudimentary 

The under edge of the Annelidan mouth would also 
naturally project backwards as a sharp fold (see Fig. i,/). 
Such a fold in Apus, however, would form an obstacle 
to the pushing of food forward towards and into the 
mouth by means of the maxillae and ventral parapodia 
of the anterior trunk segments ; hence we find it 
modified into two lateral projections, the middle part 
of the fold being merely indicated by a low ridge, 
which is not sufficient to form a barrier across the 
ventral surface. These two projections have been 
handed on to the higher Crustacea as the paragnatha. 
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In the larva of Euphausia they develop early as two 
limb-like projections posterior to the mandibles, 
and strongly resemble those of Apus. 

In Apus, only the mandibles work between the 
labrum on the one hand and the under lip on the 
other. In Limulus, however, where the under lip also 
consists of two projections, the mouth is so stretched 
in the longitudinal direction that the masticatory 
ridges oifive pairs of limbs work as jaws between 
them and the labrum. That these labial projections 
in Apus and Limulus are really homologous with one 
another, and with the under lip of our original 
Annelid, will be seen to follow as a necessary con- 
sequence of our explanation of their morphology.^ 

The shield is of great size, and stretches back (as a 
fold of the fifth segment) over the greater part of the 
body. Laterally it covers and protects the limbs. 
Posteriorly, it is armed with thorns, and has a keel 
along the dorsal middle line due no doubt to the 
central thorn which it supports. The carrying of 
these thorns, which are now so slightly developed, 
may have originally been the chief function of the 
shield in its early stages ; Fig. 48, page 215, in con- 
nection with which the origin of the shield will be 
discussed more in detail, illustrates what we imagine 
to have been the first step in the formation of the 
dorsal shield. This function has, however, long given 
place to that of protective covering of the whole dorsal 
surface and (laterally) of the gills. The lateral edges 
of the shield are prolonged into the ridge which, run- 

^ Cf, pp. 39, 40, and 194, also Fig. 43, p. 188. 
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ning round the front of the head, makes the latter 
broad and flat, obliterates all external marks of seg- 
mentation, and effectually disguises its origin out of 
five Annelidan segments. 

The coils of the shell glands form one of the most 
notable marks of the shield (see Frontispiece). Their 
origin, position, and structure will be discussed in 
the section on the excretory and other glands. 



THE BODY PROPER. 

On removing the shield we find a long vermiform 
annulate body. Fig. 3. In the anterior part of the trunk 
region the rings correspond in number with the limbs 
or parapodia ; as we approach the posterior region* 
however, the limbs are much more numerous than 
the rings. We find two, three, four, or as many as 
six rudimentary limbs on one ring. The last five 
rings have no limbs at all. This whole phenomenon, 
which has hitherto puzzled morphologists, may be 
explained as follows. 

The great length of the original Annelid being 
of no use to the Crustacean-Annelid, the hinder 
part of the body remains in the latter at an un- 
developed or larval stage. The rule in the develop- 
ment of Annelid larvae is that the successive 
segments form in front of the anal segment, and 
differentiate from before backward, those furthest 
from the anal segment being the most developed. 
In Apus, we find in front of the anal segment 
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five segments with no limbs developed, with no 
ventral ganglia, and with no oi^ans except the 
most necessary, viz., the intestinal tube and the 
musculature. Then follows a row of rudimentary 
segments, each with a minute pair of limbs and a pair 
of ganglia, which increase in size and development 
from behind forward. The rudimentary segments 
which have become fixed in the adult Apus do 



the anal segmcQi) are limbless, bf, brood pouch Kniued by the nth pair oi 

not correspond with the rings of the body ; only 
gradually as they recede from the limbless segments, 
and thus are more fully developed, do the segments 
correspond with the rings. The fusing of several 
rudimentary segments to form one body ring, i.e. a 
muscular segment, presents no difficulty. The Myria- 
poda afford us several examples of the fusing of true 
segments to form body rings. 

The study of the development of Apus has shown 
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that it grows directly out of the Nauplius by the 
gradual differentiation of new segments in front of 
the anal segment, with no metamorphosis worth 
mentioning. This fact has led to its being compared 
with an overgrown Nauplius. According to our view, 
indeed, the Nauplius is only the young Apus, or 
Apus-stage in other Crustaceans. This steady develop- 
ment of Apus from its larva, as an Annelid develops 
from the Trochophora, falls in with our explanation 
of its morphology. Apus, however, differs from its 
Annelid ancestors in that it reaches its adult shape 
before its inherited number of segments are fully 
developed. This fixation of the hinder part of the 
body at a larval stage can be easily accounted for by 
the process of natural selection, compactness being a 
decided advantage to an active free-swimming animal. 
The great number of segments, developed and 
rudimentary, in the Apodidae is a matter of 
considerable importance in estimating their true 
position. In all the other specialised Crustacean 
groups the number of segments is constant, i.e. 
constant for each group. In deriving such animals 
with a small but constant number of segments from 
Annelids with a large and varying number of seg- 
ments, the ideal transition form would be an animal 
with a medium number of segments, which is not 
quite constant and is visibly diminishing. Both these 
points are specially clear in the Apodidae. We find 
that all descriptions of Apus cancriformis give a 
varying number of limbs, which can hardly be due 
merely to the difficulty of counting them, but more 
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probably to the fact that the number of rudimentary 
limbs actually does vary. And even if it should be 
proved that the same species always possesses the 
same number of segments developed and rudimentary, 
the different species of Apus and Lepidurus are 
marked by decided differences in the number of 
segments. Whereas the more specialised Crustacea 
(the Malacostraca) have either the constant number 
of twenty or twenty-one segments, the number in the 
Apodidae varies between thirty-five and sixty-five. 
In the Entomostraca the number varies, but never 
reaches even the lowest number in the Apodidae. 
That the number in the Apodidae is visibly decreasing 
follows from our explanation of their morphology. 
The fact that the posterior segments remain fixed, 
in a larval and undeveloped condition, shows that 
they are gradually being dispensed with. On this 
ground alone, then, the Apodidae deserve to occupy 
the place, half way between the Annelids and the 
Crustacea, which we claim for them. 

Many of the segments, as already seen, are so 
rudimentary as to be useless, i.e, as movable segments, 
so that three, four, or even six combine to form one 
body ring. In the Trilobites we shall find that the 
posterior rudimentary segments, which were for the 
same reason immovable upon one another, iform 
together, in many genera at least, a solid tail plate, 
the pygidium (</*. Fig. 49, p. 220). 

It is a characteristic of the Crustacea that no limbs 
develop on the anal segment. In the Apodidae, this 
segment is already fully developed ; they are the 

C 2 
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segments anterior to it which are rudimentary, and 
which disappear in the development of the higher 
Crustacea. 

The anal segment is provided with two long 
cercopoda or cirri, projecting posteriorly and slightly 
ventrally, and two rudiments, probably of similar 
appendages, on the posterior dorsal surface of the 
segment. These four together correspond with the 
four anal cirri found in some carnivorous Annelids 
{cf, pp. 85 and 274). The two cirri are stiffened for the 
greater part of their length by a thickened cuticle 
covered with setae, and showing sligHt rings of thinner 
skin. The tips of the cirri are quite thin-skinned, and 
seem to function as tactile papillae. 

The posterior dorsal surface of the anal segment 
IS sometimes prolonged into a variously shaped caudal 
plate or lamella,^ which we shall find to be the 
homologue of the caudal spine of the Xiphosuridae. 

THE CUTICLE AND EXOSKELETON. 

The generally thin and flexible Annelidan cuticle of 
the Apodidae shows local thickenings which may 
well be recognised as the commencement of the 
Crustacean exoskeleton. A closer study of these 
reveals to us the principles of the original formation 

^ Apodidae having this characteristic have been classed by Leach as a 
separate genus, Lefidurus, But Dr. Alfred Walter, to whose memory 
this essay is dedicated, discovered a form in a desert well in Trans- 
caspian Russia, Apus Hackelii (Walter), which makes it doubtful whether 
this division can be sustained. {^Bulletin de la SociSU ImpSriale des 
Naturalistes de MoscoUf l^T.) 



SECT. II THE OUTER BODY FORM 21 

of such an exoskeleton. Perhaps the best way to make 
the subject clear is to discuss and illustrate these 
principles. 

(i) First and chiefly, the cuticle is thickened for 
the protection of exposed parts. We find the cuticle 
of the dorsal surface of the head, which, on the bending 
round of the anterior segments, was left entirely un- 
protected, and of the upper surface of the shield, 
considerably thickened ; also that of the exposed 
segments, i.e. of those segments which are not covered 
by the dorsal shield. Underneath the shield, on the 
contrary, the skin of the body is very thin and flexible, 
though towards the posterior edge of the shield it 
begins to thicken. We find the same principle in 
Limulus and the Trilobites, where, under the protec- 
tion of the thick shield, the cuticle of the ventral and 
lateral parts remained soft and flexible. 

We also find certain parts of the body thickened 
for protection against other parts. Thus the outer 
edges of the under lips are thickened for protection 
against the working of the powerful jaws and of the 
first maxillae, between which two pairs of limbs they 
are placed. 

(2) We find local thickenings to counteract the pulls 
of the muscles, and this in two ways, (a.) There are 
thickened areas such as the ventral and lateral parts 
of the mandibles, to resist the almost rectangular pulls 
of the mandibular muscles. In the higher Crustacea 
such thickenings of the cuticle go hand in hand 
with the concentration and physiological perfection 
of the muscle bands, which, instead of being attached 
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to large irregular areas of a soft cuticle, as in the 
Annelids and in the trunk segments of Apus, are. 
attached to definite firm points, (d.) There are thick- 
ened strips to resist the longitudinal pulls of muscles, 
as along the shafts of the limbs, where, but for such 



la. 4.— Anlerior (concave) aspect of a Inink limb of a large sptcimen of Apus 
of the LLmb Ls^JEhlly indicated. Lettering the same aa in Fig, 6, p- yt- 



bands, the cuticle of the limb would be drawn into 
folds (Fig. 4). 

(3) There are thickenings for the formation of claws 
and teeth at the tips or edges of limbs, and of thorns 
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on exposed angles, edges, or surfaces, as, for instance, 
round the posterior segments (see frontispiece), 

(4) There are thickenings for the formation of 
rudimentary articulations, especially of the limbs upon 
the body and of the joints of the limbs on each other. 
Figs. 4 and 5 give two views of one and the same leg 
of a large specimen of Apus cancriformls. In these 




the thickenings forming rudimentary hinges are very 
instructive, the rest of the cuticle of the leg, with 
the exception of the thickened strips and areas for 
the counteraction and attachment of muscles, being 
thin and flexible. It would be an interesting mechanical 
problem to try to discover why the bent concave side 
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of the limb should develop most strongly the 
exoskeleton, and the convex side the hinges. 

We thus find in Apus the Annelidan cuticle 
changing into the exoskeleton of the Crustacea ; the 
principles of the change being for the most part 
easily deciphered. 

The importance of this gradual thickening of the 
cuticle for the whole organisation can hardly be over- 
estimated. As one of the special characteristics of the 
Crustacea, useful at all stages, it is naturally very 
early developed, the youngest larva having a cuticle 
too thick to allow of gradual regular growth. This 
leads to the habit of moulting, which was doubtless 
very gradually acquired. The earliest thickenings 
probably peeled off separately in flakes, as the areas 
which they covered increased in size. Such half- 
loosened flakes in all parts of the body would, however, 
materially hinder the animal in the struggle for 
existence, and natural selection would soon bring 
about a shortening of the process, those animals being 
most successful who were, during life, least encumbered 
by loosening flakes, i.e, who threw them off altogether. 

But still more important consequences of the stiff 
cuticle are to be traced in the inner organisation. 
Some of the greatest differences between the anatomy 
of Apus and that of an Annelid can be traced directly 
to its development. 

The hairs with which the cuticle is covered will be 
described in the section on the sensory organs. 

We thus find in their outer organisation that the 
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Apodidae are but slightly modified Annelids, the 
widening of the head being due simply to a fold of 
the skin ; and the cuticle being for the most part thin 
like that of the Annelids, showing, however, localised 
thickenings in which we can recognise the commence- 
ment of the Crustacean exoskeleton. 

The hinder part of the body — the trunk — has long 
been recognised as worm-like, but we here see that 
the front or head part is also essentially Annelidan, 
especially in its possession of a prostomium or upper 
lip. The head of Apus differs from that of our 
Annelid only in the development of the shield and 
of the ridge-like fold which gives the head its great 
breadth. 

The Annelid character of the Apodidae, thus visible 
in the form of the body {i.e. of both head and trunk), 
will be even more clearly seen when we come to 
consider the appendages. 



SECTION III 
The Appendages 

The appendages of the Apodidae have been much 
discussed, and many attempts have been made to 
homologise them with the limbs of other Crustacea. 
From our point of view, we must look to the para- 
podia of our bent Annelid for the true understanding 
of these limbs. It is, indeed, generally acknowledged 
that the Crustacean limb arose from the Annelidan 
parapodium. But the way this took place has not 
been worked out. The limbs of Apus, however, 
supply us with a clue. From these Phyllopodan 
limbs we can work both backwards to the Annelidan 
parapodium and forwards to the typical Crustacean 
biramose limb. 

Continuing the detailed comparison of Apus with a 
bent Annelid, already begun in the first section, we 
have now to show that it is possible to deduce the 
limbs of the former from the parapodia of the latter, 
and that the modifications which transformed the one 
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into the other are due to adaptation to the browsing 
manner of life. 

Our deduction of Apus from an adult carnivorous 
Annelid, which gradually adopted the habit of bending 
round its head, and of using its parapodia for capturing 
its prey and pushing it into its mouth, gives us at once 
the general direction along which we should expect 
modification to take place. First of all we should 
expect the parapodia along the whole length of the 
body to be bent round towards the ventral middle 
line. Further, the dorsal and ventral branches of 
these parapodia would be somewhat differently de- 
veloped in adaptation to the various needs of the new 
manner of life. The ventral parapodia on the three 
posterior head segments would be differentiated into 
jaws and maxillae, while on the anterior trunk seg- 
ments they would serve to rake food into the middle 
line and forward it towards the mouth. The uses to 
which the dorsal parapodia could be put are not so 
apparent. Since, however, the habit of browsing 
necessitates a certain amount of locomotion, we may 
safely conclude that they would be utilised for this 
purpose. The original Annelid in its Annelidan 
days no doubt moved in the typical manner of 
Annelids by the alternate extension and contraction 
of the body. As, however, the body of our Crustacean 
Annelid shortened and began to develop an exo- 
skeleton, some other method of locomotion would 
become necessary. The dorsal parapodia would thus 
naturally be brought into requisition. The same 
efforts which brought the ventral parapodia round 
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towards the ventral middle line might be expected to 
bring the dorsal parapodia as well, at least far enough 
round to allow them to assist in locomotion. There 
is, further, no need to limit the functions of the dorsal 
parapodia simply to locomotion, — they may at the 
same time assist in capturing food. Starting from 
the assumption that it was the habit of browsing 
which first led to the transformation of the Annelid 
into the Crustacean, the above is, in outline, the way 
in which we should expect the Annelidan parapodia 
to be gradually developed into Crustacean limbs. 

It is not possible in this place to bring forward at 
once all the arguments which, we think, show that this 
sketch of the rise of the Crustacean limbs out of 
Annelidan parapodia is a fairly correct account of 
what actually took place. One reason is, however, here 
in place while discussing the limbs as a whole. It is 
only in such primitive Crustacean forms as the 
Apodidae and the Trilobites that we find the ventral 
parapodia retained and functioning as jaws along the 
greater part of the body, as we assumed for our 
original Crustacean-Annelid ; the dorsal parapodia of 
the same segments functioning, in the Trilobites, 
purely as locomotory organs, in Apus both for 
locomotion and for capturing food. In the higher 
Crustacea we find a pronounced division of labour, 
viz., the perfection of the ventral parapodia round 
the mouth for mastication, and of the dorsal para- 
podia in the rest of the body, either anteriorly for 
seizing food, like the chelate limbs of the Decapoda, 
or posteriorly for locomotion, like the ambulatory legs 
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and swimmerets of the same animals, the ventral 
parapodia on these limbs disappearing entirely. 

We shall further find that this division of labour 
in the modern Crustacea was not discovered by 
Nature all at once. Many different combinations of 
the ventral parapodia as jaws, with dorsal parapodia 
as auxiliary appendages, held their own for long 
periods. In the long run, however, the typical 
Crustacean formula for mandibles and maxillae has, 
except in Limulus and in the Ostracods, which have 
different masticatory formulae, alone survived. These 
efforts of Nature to select the best arrangement of 
ventral and dorsal parapodia for the transformation 
of a carnivorous Annelid into an armoured Crustacean 
will be found tabulated in Part II. p. 250. 

Before describing the limbs of Apus in detail, 
we must call attention to several important points, 
which tend to support their claim to have originated 
from Annelidan parapodia in the way described. 

(i) The limbs of Apus are little more than highly 
developed integumental folds with only rudiments 
of articulations, either between the different joints 
of the shaft and its appendages, or between the 
shaft and the body (Figs. 4 and S). This absence 
of developed articulations has already been pointed 
out by Lankester and others, but its true signifi- 
cance does not seem to have been noticed. It 
is true that in many small thin-skinned typical 
Crustaceans the articulations seem to be slightly 
developed, but in these the whole exoskeleton has 
been reduced ; this does not affect the significance 
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of their absence in Apus, where we find many 
thickenings of the cuticle which we regard as an 
exoskeleton — not in the act of disappearing — but in 
that of appearing for the first time. 

The fact that the limbs are little more than folds 
of the integument, like Annelidan parapodia, is fully 
borne out by the examination of their musculature, 
which will be described in detail later. (Sect. IV.) 

(2) The course of a line traced through the bases 
of the limbs of Apus agrees well with that of a 
similar line drawn through the parapodia of our 
imaginary bent Crustacean-Annelid. Commencing 
at the anterior antennae (see Figs, i and 2) at the 
side of the prostomium or upper lip, this line passes 
in both cases vertically upwards and (for reasons 
to be given later, see p. 212) slightly outwards; 
passing through the 2nd antennae, it bends round 
to run backwards, trending, however, gradually 
towards the ventral surface. The close agreement 
between the courses of these two lines is, morpho- 
logically, a fact of great significance. The more 
ventral trend of the line in the posterior end of 
Apus was to be expected as a necessary adaptation 
to the Crustacean manner of life, i.e.y to the use 
of the appendages as limbs whose functions were 
primitively all directed towards the middle line. 
The position of the antennae is especially interest- 
ing. In the Annelid, these antennae were originally 
metastomial, but have become prostomial by the 
bending of the segments on one another. The 
assumption of the rise of the Crustacean head from 
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five bent segments thus offers a clear solution of 
the difficult morphological problem involved in the 
prostomial position of these appendages. 

(3) As to the great number of the limbs, remind- 
ing us of the row of parapodia on each side of the 
Polychaetan Annelids, we need only refer to what 
was said in the previous section as to the great 
number of the segments (pp. 16-18). 

(4) The marked difference between the head- and 
the trunk-limbs will be presently discussed in detail, 
and the differences shown to be exactly what our 
theory demands. In the meantime we find a gradual 
change in the trunk limbs as we go from front to back. 
Though the Phyllopodan type is preserved through- 
out, the anterior limbs (except the first, which is 
specialised) are highly developed seizing limbs, the 
posterior are simplified as rowing plates. There 
can be no doubt that the more rudimentary limbs, 
though necessarily repeating the type of those 
previously developed in front of them, partake more 
of the character of an integumental fold, like an 
Annelidan parapodium, than do the anterior limbs 
with their developed shafts, claws, &c. {cf. Figs. 4, 5, 
and 10). 

(5) On placing a typical Phyllopodan limb by the 
side of a typical Annelidan parapodium, the homo- 
logies of some of the parts are very clear. As, 
however, the establishment of the homologies in detail 
IS not so easy, we shall, in this place, have to content 
ourselves with merely stating our conclusions. The 
reasons which led to these conclusions, apart from 
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those already given in the foregoing pages, will be 
gradually gathered as we proceed, for we shall find it 
necessary to return to the subject again and again in 
the course of the following discussion. 

A comparison of a limb of Apus with an Anne- 
lidan parapodium such as is shown in Fig. 6 -^,^ is 
sufficient to enable us to homologise the shaft and its 



<^i 








Fig. 6. — Diagram to compare an Annelid parapodium (-<4) 1 with a limb of Apus {B). 
gy gill; tf 1, sensory cirrus of the dorsal parapodium ; <:o, ditto of the ventral para- 
podium ; V, ventral parapodium ; e^ sensory endites. In all the figures the same 
letters are used for the homologous parts. 



appendages with the dorsal parapodium, the claw 
being the true tip. 

The gnathobase is the ventral parapodium. The 
position of the gill is the same in both, and the 
flabellum of Apus is clearly homologous with the 

^ Figure A agrees fairly well with that given by Ehlers as the para- 
podium of a young Nereis ; we have added the gill, and the sensory 
cirrus of the ventral parapodium. See Taf. xxi. 3 in "Die Borsten- 
wurmer," Leipzig, 1864-68. 
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sensory cirrus of the dorsal parapodium of the 
Annelids. 

The sensory cirrus of the ventral parapodium {c^ 
entirely disappears in Apus, but is retained in Limulus 
(see Fig. 44, p. 192). Both the dorsal and ventral para- 
podia in Apus carry highly developed setae, as in the 
Polychaeta, and again, in both, the gill is entirely free 
from setae, which would hinder the free exchange 
of the respiratory medium. It may be noted that 
many Polychaeta have appendages on their parapodia 
quite as complicated as those on the limbs of Apus 
known as the endites {B, e.)y whose origin will ht 
discussed later. 

Passing from the Phyllopodan to the typical Crus- 
tacean limb, we assume that the flabellum is the ex- 
opodite, the shaft of the limb is the endopodite, and 
the ventral parapodium is the masticatory ridge. 

I. Tfie first pair of Antenna (F\g. 7 A) — This limb 
has retained its original position at the side of the 
Annelidan prostomium or upper lip of the Apodidae. 
It has already been pointed out that the bending of 
the head has changed its position from behind the 
mouth to in front of it. 

The form of this limb needs no special comment ; 
the bend in it is not a true joint, nor is it provided 
with any muscles except a few which run into the bulb 
on which it stands. Its setae are modified into sensory 
hairs, homologous with the olfactory hairs of the 
higher Crustacea. 

Morphologically, the first antenna must be regarded 
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as the sensory cirrus of the parapodium of the first 
segment, the parapodium itself having disappeared, or 
possibly being represented by the bulb on which the 
antenna stands ; this latter homology is, however, very 
doubtful. Though the parapodium itself has dis- 
appeared, the gland of its aciculum is probably still 
present, and functions as a salivary gland. Fig. 29 
p. 114, shows the position and form of this gland. A 
comparison of this figure with Fig. i will make it 




Fig. 7. — /4. First antenna (Z S^iizier£^ensis) Mvith hooksd sensory hairs, homolo- 
gous with the olfactory hairs of the higher Crustacea, c, the sensory cirrus ; d, 
the^ bulb on which it stands, perhaps the remains of the dorsal parapodium on 
which it stood. _ B. Second antenna (L. Spitzbergensis) showing the rudiments 
of the endopodite, i.e. oi the distal end of the dorsal parapodium which had 
been highly developed in the Nauplius, but is degenerated m the adult ; c, the 
sensory cirrus. 

clear that this gland can be so homologised ;— the 
point will, however, be discussed in detail in connec- 
tion with the description of the gland itself. From 
Fig. I it will be seen that the acicular gland of the 
(vanished) parapodium of the first segment could 
easily open within the mouth, on the under lip. 
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II. The second pair of Antenna (Fig. 7 B) — The 
second antenna is so much reduced in the Apodidae 
that its absence has often been considered characteristic 
of the family. In no specimen examined by us has it 
been wanting. Its position has already been described 
(p. 30) as agreeing exactly with that of the correspond- 
ing antennal parapodium of the Annelids. It has, like 
the first antenna, been brought in front of the mouth 
by the bending of the head. Although it is very much 
degenerated, it shows three divisions, with the slight 
rudiment of a branch at the end of the second, which 
is the only trace of its former relatively greater develop- 
ment as a branched swimming limb in the Nauplius. 
We deduce the limb from the antennal parapodium of 
the second segment of the Annelida {cf. Fig. 7 B with 
Figs. I, 2). Its great reduction in the Apodidae is no 
doubt due to its being caught, as it were, in the angle 
of the bend, and further shut in under the shield. In 
Limulus, owing to the greater space under the shield, 
it is freer to develop into a chelate foot (see Fig. 43, 
p. 188). In Branchipus also, in which the shield has 
disappeared, it undergoes no such reduction. 

The second antenna, like the first, stands on a small 
bulb which may perhaps be homologous with that 
of the first antenna, but certainly in this case cannot 
represent the remains of the parapodium. According 
to our homologies for this limb (see Fig. 7 b) the 
dorsal parapodium is still present, and forms its . 
proximal half, ending in the minute rudimentary 
branch shown in the figure. In sections of the basal 
bulb we found a deep indentation, which led us to 

D 3 
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suspect the presence of a rudimentary antennal gland. 
No such gland, however, could be found, although the 
indentation may mark the spot where one formerly 
opened. Whether this indentation, which was very 
distinct in some specimens, really represents the 
remains of an opening of an antennal gland or not, 
we are still able to assume that such a gland, 
homologous with the acicular gland of the dorsal 
parapodium, once existed, and has reappeared in 
the higher Crustacea as the antennal gland. We 
have, in the Crustacean head three glands derived 
from three setiparous glands, viz. the gland of the 
first arrtenna (?) developed into a salivary gland (in 
Apus), the gland of the second antenna into the well- 
known* antennal gland, and the gland of the second 
maxilla into the shell gland. The homologous 
setiparous glands of the mandibles and first maxillae 
have quite disappeared, like the parapodia to which 
they belonged. To these points, however, we shall 
again refer. 

We have given in the Figure (7 B) our explanation 
of the parts of the second antenna. The correctness 
of this explanation naturally depends on a right 
understanding of the same limb in the Nauplius. This 
matter will therefore be further discussed in the section 
dealing with the development of Apus. We may here 
anticipate our conclusion by saying that, in accordance 
with the homologies given on p. 32, and indicated in 
the lettering of Fig. 7 B,y the biramose limb of the 
Nauplius consists of the dorsal parapodium, the distal 
portion of which forms the endopodite, the sensory 
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cirrus forming the exopodite. As the larva grows, 
the endopodite gradually degenerates, leaving the 
sensory cirrus to form the distal end of the limb 
which is thus a sensory organ (compare also Figs. 
34 and 35). 

III. The Mandibles. — These are the first limbs which 
admit of undoubted comparison with parapodia. We 
find, however, that while the dorsal branch has entirely 
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Fig. 8.— i4, diagram of mandible; j, shell-fold. At d the dorsal parapodium has 
disappeared, but is indicated by the musculature, v, ventral parapodium form- 
ing the mandible itself, the musculature coming from the sternal plate («>). j?, 
diagram of xst maxilla. At d^ a larger rudiment of the dorsal parapodium is 
retained than in the mandible^ 

disappeared, the ventral has grown enormously in all 
directions to form the powerful masticatory limbs 
which are such a striking feature in the Apodidae. 
That these mandibles are homologous with the gnatho- 
bases of the trunk limbs, and therefore, according to 
our view, with the ventral parapodia of the Annelida, 
may be seen at once by comparing their muscles with 
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those of the similar parts of other limbs (see Figs. 8 
and 14, p. 59). Muscles also are found which are the 
remains of the muscles which once ran into the now 
completely degenerated dorsal parapodia (see section 
on Musculature, p. 52). The redevelopment in 
varying degrees of the dorsal parapodium in the 
mandibles of some of the higher Crustacea, to 
form the mandibular feelers, or palps (or perhaps 
feeler- or palp-carriers) is a matter of considerable 
interest. 

We see in these large fleshy mandibles of Apus an 
undoubtedly primitive characteristic. They form a 
perfect morphological transition between a limb like 
the parapodium of the Annelida, and the hard special- 
ised jaw of the Crustacea. The " teeth " are only 
hard protuberances of the cuticle. The setae are very 
small and grouped in tufts round the teeth. This 
limb has no hinge on which it works ; it orobably 
moves round its upper dorsal end as axis. 

The homologous limb in Limulus, />., the third, is 
not so specialised as it is in Apus ; its masticatory 
process is not more developed than that of the second 
antennae, or of the two pairs of maxillae, and of the 
first trunk limb. In Apus, only the mandibles work 
between the upper and lower lips, but in Limulus all j 

the masticatory ridges of five pairs of limbs do so. \ 

In Pterygotus (see Fig. 55, p. 239), the third limb 
seems to have ceased to function as a jaw, and the 
powerful swimming limb, the sixth or (morphologi- 
cally) the first trunk limb, has developed strong masti- 
catory processes, which seem to function as the chief 
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mandibles.^ It is difficult to see on what principle 
this occurs ; the advantages gained by using the 
ventral parapodia of the most powerful limbs as jaws, 
would seem to be more than counterbalanced by the 
disadvantage of combining locomotory with masti- 
catory functions ; perhaps we might assume that in 
this case the dorsal and ventral parapodia became 
separately articulated with the body, so as to secure 
all the advantages of the division of labour. From 
what we know both of Crustacean and of Annelidan 
morphology, there is no difficulty in the assumption 
of the separate articulation with the body of two 
parts of the same limb or parapodium. 

Tlie Under Lips. — These, though not limbs, are best 
described here, as they have hitherto always been mis- 
taken for limbs or parts of limbs. They owe their 
origin, as has already been described, to the change of 
position of the mouth, the under edge of which must 
naturally project backwards (as shown in Fig. i, p. 12). 
This under lip, which was originally a straight ridge, 
has been cut out in the middle, in order not to form a 
barrier which would hinder the pushing of food into 
the mouth by the maxillae. We thus find, instead of 
the pronounced ridge right across the posterior edge 
of the mouth, two limb-like projections, the inner 
edges of which gradually slope down towards the 
middle line, the remains of the ridge being easy to 
follow from side to side in a series of sagittal sections. 

^ The different attempts of the primitive Crustacea to find the best 
combination of limbs to function as jaws will be found in a table, 
p. 250. 
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It IS clear that this division of the under lip must have 
been a very primitive feature in the Crustacean- 
Annelid. It was absolutely necessary if the ventral 
parapodia (posterior to the under lip) were to be used 
for pushing food forwards into the mouth, which 
habit led the way, according to our theory, in the 
differentiations which transformed the Annelid into 
the Crustacean. This early division of the under lip 
accounts for its appearance as two ventral projections 
in Limulus, where such a form can have no special 
significance. The mouth in Limulus is a long median 
slit, and instead of only the mandibles and two 
maxillae being used as jaws, the ventral parapodia of 
the four posterior cephalic and the first trunk limb 
perform the masticatory functions. 

We find a divided upper lip in some Trilobites (see 
Fig. 49, p. 220), which offers a curious parallel to the 
divided under lip of A pus and Limulus, but must 
naturally be due to other causes (see however note 
p. 241). 

IV. TAe First Maxilla. — Unlike the mandibles, 
the first maxilla has retained a small rudiment of 
the dorsal parapodium in the form of a fold. That 
this is, in fact, the reduced dorsal branch is clear 
from a comparison of the musculature with that of the 
other limbs (see Fig. 8 B). In the higher Crustacea, 
this limb also may redevelop its dorsal branch as 
maxillary feeler. The maxillae work behind the 
lower lip. The limb itself requires no special descrip- 
tion, its form can be seen from the figure. 

In Limulus the dorsal parapodium is well developed 
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in addition to the masticatory ridge or ventral para- 
podium. In the Eurypteridae, the ventral masticatory 
part seems to have almost disappeared in Pterygotus, 
(see Fig. 55, p. 239) but to be well developed in 
Eurypterus (Fig. 56, p. 245). 

V. The Second Maxilla, — This much-discussed 
limb has retained rather a larger rudiment of the 
dorsal parapodium than the first maxilla ; in it, in 
fact, the dorsal is the more important of the two 
branches, the ventral being rendered almost useless 
by the powerful first maxilla, between which and 
the ventral parapodium of the first trunk limb it 
is squeezed (see Fig. 2 and Frontispiece). The 
dorsal parapodium is reduced to a stump without 
appendages, but is interesting on account of the 
aperture of the shell gland at its tip ; we are thus 
able, as already mentioned, to homologise the shell 
gland with the setiparous sac of the original An- 
nelidan parapodium (see section on Excretion, also 
Fig. I, p. 12). The opening of the shell gland on 
this limb shows it to be the second maxilla, and not 
a maxillipede, as some authors maintain. An ex- 
amination of the musculature shows further that this 
limb belongs to the fifth segment, a long thin muscle 
band descending into it from in front of the opening 
of the shield, which is a fold of the dorsal integu- 
ment of this segment. This muscle band is doubt- 
less homologous with the bands which, in each 
segment, run from the dorsal integument into its 
limb (see Figs. 14, p. 59, and 15, p. 60). 

The five limbs just described are the typical five 



42 THE APODIDi^ parti 

pairs of limbs of the Crustacean head, so marked off 
for all time by the bending round of the five anterior 
segments of the original Annelid, and the growth of 
the shield. The three posterior limbs develop the 
ventral branches of the original Annelidan parapodia 
as masticatory apparatus round the mouth ; the dorsal 
branches are more or less completely degenerated, 
reappearing, when the antennae adopt a frontal 
position, as palps, or palp-carriers. This arrange- 
ment of masticatory ridges may have had some- 
thing to do with the preservation of the modern 
Crustacea, while the older groups with other, and 
probably less advantageous, combinations, such as 
those developed by the Trilobites, have died out. 

Wc find here also the origin of the rule that, among 
the Crustacea, the dorsal parapodia are less developed 
on the mandibles than on the first maxillae, and less 
on the first than on the second maxillae. The typical 
Crustacean mandibular palp consists of the dorsal 
parapodium carrying its sensory cirrus, both apparently 
being sensory organs. 

The limbs liable to most modification are, naturally, 
the first two, i,e. the two pairs of antennae. In Apus 
we find the first pair retaining perhaps the original 
size, the second pair, however, degenerating. In 
Limulus both pairs are well developed as chelate 
seizing limbs, the second even redeveloping its ventral 
parapodium as a masticatory ridge. In the Euryp- 
teridae, other characteristic changes will be noticed, 
and where possible will be traced to changes in their 
manner of life. We may here perhaps suggest the 
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rule, that the more the forehead is pressed against the 
ground, the antennae pointing backwards, the more 
likely would the latter be to degenerate, as in Apus, 
and in the Trilobites (?), or by losing the sensory 
function to become modified as in Limulus. On the 
other hand, the more the animal adopted the swimming 
manner of life, the more the antennae would tend to 
point forwards as sensory organs, and would then 
undergo further development as such. This we see in 
some Eurypteridae, Branchipus, and Nebalia. 

The Apodidae thus furnish us with a complete 
explanation of the way in which the typical Crustacean 
head is composed of five fused Annelidan segments 
with their parapodia, and why the limbs of the head 
differ from those of the trunk throughout the whole 
class. The former (leaving out the antennae) develop 
chiefly the ventral parapodia for mastication, the 
latter the dorsal for locomotion and for other functions 
which will be discussed in the following pages. In 
Apus we find a transition between the two, the last 
head segment having both dorsal and ventral para- 
podia about equally developed. 

The important modifications, however, which the 
cephalic limbs may present, will be referred to again 
when discussing Limulus, the Trilobites and the 
Eurypteridae, and are tabulated p. 250. 
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THE LIMBS OF THE TRUNK. 

Passing from the second maxillae to the first trunk 
limb, we are struck by a sudden contrast, the former 
being much reduced, while the latter is highly de- 
veloped, indeed the most highly developed limb of 
the whole body. This point is of more than ordinary 
interest, as we shall find that it throws considerable 
light on the homologies of the limbs in the Xipho- 
suridae, the Eurypteridae, and the Trilobites, in which 
animals, from what we learn from Apus, we are able 
to assume that the first large locomotory limbs 
must be homologous with the sixth pair, i,e, with the 
first trunk limbs. The explanation of the great 
differentiation of the first pair of trunk limbs, in all 
these primitive Crustacea, is no doubt to be found 
in the fact that the sixth segment was really the 
first free segment, i.e. the first segment not used up 
in any way in the bend which forms the head. Its 
parapodia were thus free to develop as limbs for 
locomotion or for some other function unconnected 
with the mouth (see Fig. i). The development of the 
anterior trunk limbs into maxillipedes in the higher 
Crustacea, has long been considered to be a secondary 
modification. In the chief point which constitutes 
them maxillipedes, i.e. in the retention of the ventral 
parapodia as masticatory ridges, they are however the 
more primitive form of limb. Those Crustaceans, on 
the contrary, in which the first trunk limbs have lost 
all traces of the ventral parapodia, and are purely loco- 
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motory, are the more highly specialised. The max- 
illipedes are secondary modifications only in the 
degeneratioil of their dorsal parapodia which, as the 
limbs of the first free segment, typically developed 
into large locomotory limbs. 

In Apus, the gnathobases of the anterior trunk 
limbs are retained, and are doubtless functional. In 
Limulus those of the first pair even work in front of 
the under lips ; the same is true of the Trilobites, and 
of the Eurypteridae, in some of the latter they have 
taken on almost the whole function of mastication. 

The extraordinary number of the limbs, and their 
gradual simplification from before backward, i.e,^ from 
complicated Crustacean limbs to parapodium-like 
swimming plates, has been already discussed and 
described. 

The following points are also of interest. Unlike 
the limbs of the head, in which, for the purpose of 
pushing food into the mouth, the ventral parapodia 
were developed at the expense of the dorsal, the 
trunk limbs develop the dorsal at the expense of the 
ventral parapodia. 

Apus shows its primitive character in that the 
ventral parapodia do not disappear, but are retained 
as functional appendages to the limbs for pushing 
food towards the mouth. In the higher Crustacea, 
however, they have, as a rule, entirely disappeared, 
except in a few anterior trunk limbs. 

The reason of the greater development of the 
dorsal than of the ventral parapodia in the trunk 
limbs of Apus may be conjectured ; the greater sweep 
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was needed both for locomotion and for the purpose of 
grasping and bringing prey towards the middle line. 
This bending round of the dorsal parapodium towards 
the ventral middle line naturally leads to its greater 
development, at least in the anterior limbs, which 
function as described ; in the posterior limbs, which 
have only to assist in swimming, the dorsal branch is 
not so highly developed, forming with the ventral the 
swimming plate (Fig. lo). 

The anterior limbs are the most highly differentiated 
from the original parapodia, they are the most 
Crustacean. On the principle of the division of 
labour, we find the first limb almost entirely specialised 
as a sensory limb. Its appendages, omitting the 
ventral parapodium, formerly considered as an 
appendage of the limb, are, on the inner side, feelers 
(called endites) with tufts of sensory hairs on slight 
protuberances, which are regularly arranged alter- 
nately on the two sides (see Fig. 9). The feelers vary 
in length in different species, and are of importance 
in classification. The corresponding appendages on 
the other limbs are leaf-shaped plates with highly 
developed denticulate setae ^ on their flat surfaces, and 
tufts of sensory hairs along their edges. Besides 
helping in swimming, these sensory endites have 
been specially developed to assist in the capture of 
prey. The action of sweeping together prey into the 
middle line by means of the long dorsal parapodia, 
requires a fine sense of touch on the under edges of 
the limbs. The denticulate hairs at the sides of the 

1 See Fig. 5. 
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endites may have been developed in order to prevent 
prey from getting away between the limbs, the 
endites being provided with special muscles to move 
them. The prey, which the dorsal parapodia succeed 
in raking into the middle line, is probably held, 



m 




Fig. 9.— First trunk limb {L, Spitzbergensis). Lettering as in former figures. 

e^ sensory endites. 



and perhaps killed, by the ventral parapodia, which 
are provided with sharp thorn-like setae, as well as 
with long sensory hairs (Figs. 9 and 10). We can 
further judge from their shape and from the direction of 
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their muscles (see Fig. 12, p. 55) that what the 
gnathobaseis held between them would be rapidly 
forwarded towards the mouth. The disappearance of 
the gnathobases,. excepting on the most anterior 
trunk limbs — the maxillipedes — in the majority of 
modern Crustacea, is explained by a change in the 
manner of life. As the trunk limbs became more and 
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Fig. 10. — The last rudimentary trunk limb {L. producius), \ mm. in length. Lettering 
as before. It is seen to be a typical Phyllopodan limb. 



more purely locomotory organs, such as ambulatory 
legs, and as other methods of capturing prey were 
acquired, the ventral parapodia would degenerate, not 
only from having lost their function, but as positive 
hindrances to the free movement of the limbs. 

The most distal appendage, on the first limb of 
Apus, is a probably functionless scale (Fig. 9), and in 
the following limbs it is a toothed claw (Fig. 4), while 
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in the posterior rowing limbs it is a flat piece forming 
part of the swimming plate (Fig. 10). What we here 
call the most distal appendage is, however, according 
to the homologies described on p. 32, in reality the tip 
of the dorsal parapodium. 

The exites, or appendages on the back of the limb, 
are always two in number, the distal being a 
swiiriming plate (flabellum, homologous with the 
sensory cirrus of the Annelidan parapodium), much 
reduced on the first limb but well developed on all 
the rest, and the proximal a gill which corresponds 
in position with the gill on the dorsal parapodium of 
the Annelid. 

The limbs themselves have been so often described 
that it is not necessary here to do more than refer to 
the drawings (Fig. 9, 4, 5, 10). 

Returning now to the homologies here set forth 
between the Crustacean limbs and the Annelidan 
parapodia, we find that they differ considerably from 
those generally put forward. Although as far as I 
know the point has not been worked out in detail, it 
is assumed that the exopodite is homologous with the 
dorsal, and the endopodite with the ventral para- 
podium. We have here, however, seen that in the 
typical biramose trunk limb the ventral parapodium 
has disappeared, perhaps being used up in the forma- 
tion of the basal joint, and that the limb proper is 
formed of the dorsal parapodium, the distal end of 
which forms the endopodite, while its sensory cirrus 
forms the exopodite. 

Such a result might be expected on theoretical 
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grounds ; an integumental fold, developing outwards 
into a limb in order to fulfil various functions, would 
require to be provided with sensory organs. Its 
efficiency could in fact only be secured by its being 
provided with a fine sense of touch. It is true that in 
Apus the ventral edge of the dorsal parapodium has 
itself developed organs of touch, viz., the endites. 
The tip of the parapodium might also have developed 
its own sensory organs. ' Economy, however, would 
certainly lead to the use of whatever sensory organs 
happened to be already present. 

This homology of the flabellum of Apus with the 
sensory cirrus of the Annelidan parapodium, finds 
some support from a study of its finer structure. Its 
fringe of sensory hairs, its numerous ganglion cells and 
conspicuous nerve fibres, show it at once to be a 
sensory organ. Its flattened shape presents no diffi- 
culty, since it is clearly thus modified to help the 
animal in swimming. Packard thinks that it takes 
a special share in respiration, but this we do not 
believe, for the gills, in their inner structure and in 
their freedom from hairs, show that they are specialised 
for that purpose. 

Further, the consequent homology of the exopodite 
of the typical Crustacean limb with the sensory cirrus 
of the dorsal parapodium of the Annelida, receives 
considerable support from a study of any series of 
Crustacean limbs, such, for instance, as those given in 
Lang's Text-book of Comparative Anatomy, It is im- 
possible to avoid the impression that as a rule (with 
no doubt many exceptions) the exopodite is a sensory 
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organ attached to the limb. We shall see further 
reasons for this homology in the section on the 
Nauplius. 

In later sections we shall see, further, that although 
the ambulatory limb of the Decapoda has been 
derived from the Phyllopodan limbs of their Lepto- 
stracan ancestors, yet ambulatory limbs may develop 
straight from Annelidan parapodia, as we assume to 
have been the case in the Trilobites. The method of 
differentiation is the same in both cases, but the fact 
that the Decapodan limb first passed through a 
Phyllopodan stage has made a slight difference in 
the result (see section on the Trilobites). 

This brief discussion on the limbs of Apus and of 
the Crustacea is by no means exhaustive. We have 
purposely limited ourselves chiefly to our main point, 
viz., how the limbs of Apus have been derived from 
the parapodia of an Annelid. In so doing we have 
naturally had our attention called to several homolo- 
gies which may not at this stage appear altogether 
satisfactory, but which will be found to hang together 
with our whole argument. 
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SECTION IV 
The Musculature 

The musculature of the Apodidae is so essentially 
Annelidan in its arrangement, showing only such 
differentiations as we should expect would arise from 
the modification of the body already described, i.e., 
the bending of the head, that were there no other 
resemblance between the Apodidae and the Annelida, 
it alone would be almost sufficient to establish their 
relationship. 

It may perhaps be interesting to mention that it 
was the Annelidan character of the musculature of 
Apus which first attracted our attention, and led to 
the discovery of the other homologies recorded in this 
volume. 

Anteriorly, where the body has been apparently 
most modified, we should naturally expect that the 
Annelidan character of the musculature would be 
least recognisable. This, however, is hardly the case, 
for just as the head of the Apodidae can be traced to 
the anterior segments of an Annelid fixed in the 
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bent position, the only striking alteration being its 
development of the sharp ridge round the front as a 
continuation of the lateral edges of the dorsal fold, 
so the musculature can easily be traced back to that 
of a typical Annelid transformed, first by the bend- 
ing of the body, and secondly by the development 
of the exoskeleton. 

We shall first describe the musculature in a car- 
nivorous Annelid, and see what transformations it 
would undergo owing to the bending of the five 
anterior segments. Fig. 11 is a transverse section 
of such an Annelid. A rather weakly developed 
circular muscle layer is found immediately under the 
hypodermis, and under this runs a strongly developed 
longitudinal muscle layer, the two forming together 
the dermo-muscular tube. The development of para- 
podia leads to important modifications, such as the 
grouping of the longitudinal muscles into four strong 
bands, two dorsal and two ventral, each being a chain 
of segmentally arranged muscular bundles marked off 
by the transverse dissepiments. The circular muscles 
are also modified, running out laterally, both dorsally 
and ventrally, into the parapodia. 

At the posterior end of the body where the 
parapodia are less developed, wie might expect that 
the muscle bands would gradually spread out to 
form a more and more complete dermo-muscular 
tube, the dorsal bands eventually uniting with the 
ventral in the last segments. 

It is not difficult to describe the changes which would 
naturally take place in this musculature by the fixing 
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of the anterior segments in the bent position. The 
dorsal bands in the five anterior segments would be 
much stretched in order to bend round over the 
intestine to be attached near the prostomium. The 
ven/ra/ hcinds in the same region would, on the con- 
trary, be much shortened, the bend behind the lip 
being very sharp. The muscle bands here would 






be rendered almost useless, in fact, would be a 
hindrance, and would therefore degenerate, not, 
however, without leaving some traces. While the 
muscular elements disappeared, the sinewy elements 
would persist as points of attachment for those 



SECT. IV THE MUSCULATURE 55 

muscles which are still functional, i.e. those which 
diverge in the transverse plane. 

Let us now compare this sketch with the muscula- 
ture of the Apodidae (Figs. 13 and 13). The dorsal 
longitudinal bands in the head region, after springing 
across the opening into the interior of the shell fold 
of the fifth segment, are attached to the forehead by- 
numberless fine fibres of connective tissue, so that it 
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is not at first apparent that the two strong bands 
which start a little in front of them from very 
scattered points of insertion on each side of the eyes, 
running down over the oesophagus to be attached in 
front of the prostomium, are really a continuation of 
the dorsal bands. That this is the case, however, is 
clear from Fig. 1 3. We see here not only the dorsal 
bands themselves lengthened to pass round the curve 
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formed by the bending of the head, but the attach- 
ments of the muscles also spread out over a large 
surface. Further, partly from having no segments to 
move, and partly on account of the growth of the 
frontal ridge, they apparently pass through one or two 
segments without being attached at all. 



The ventral muscle bands of the Apodidse, on the 
other hand, on reaching the sharp bend of the head 
near the lip, are all clumped together into an ap- 
parently shapeless sinewy mass ; the muscle bands 
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themselves have clearly disappeared ; their sinewy 
connections, however, being more resistant, and still 
functional as attachments for the mandibular, maxillar, 
and oesophageal muscles, &c., have been retained, 
massed together as described in our imaginary 
Annelid. This sinewy mass is known as the sternal 
plate or entosternite. It is clear that, if the origin we 
have ascribed to it is correct, it becomes a morpho- 
logical characteristic of great value, and, whenever 
met with among the Crustacea in the same position, 
/>., within the angle of the bent intestine, must be 
referred back to the ventral muscle bands of a bent 
Annelid. We shall see in the second part how im- 
portant this point is in establishing the relationship 
between Apus and Limulus. The Arachnida are, 
we believe, the only other animals with an entoster- 
nite. The origin and significance of it in this case 
will be discussed in another section. 

Again, turning to the posterior end of the body, 
we find, as we expected, that as we pass from front 
to back the longitudinal bands gradually widen out, 
as the limbs are less and less developed, until, in 
the limbless segments, they unite to form a simple 
dermo-muscular tube. 

Thus, in the arrangement of its longitudinal 
musculature, Apus is a typical carnivorous Annelid 
with its five ajiterior segments bent round in adapta- 
tion to the browsing manner of life. 

On turning now to the circular musculature, we find 
a more complete differentiation. The circular muscle 
layer in the carnivorous Annelids is, as a rule, 
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much more weakly developed than the longitudinal. 
This is also the case in the Apodidae, where it is 
almost entirely confined to the muscular bands which 
run into the limbs, especially to those from the dorsal 
surface. In the limbless part of the body, where the 
longitudinal muscles form a complete dermo-muscular 
tube, the circular muscle layer has entirely dis- 
appeared. The commencement of the formation of 
an exoskeleton renders it useless. We shall return 
to this subject in discussing the musculature of the 
limbs. 

The muscles attached on each side, just above the 
ventral cord, to the membrane which encloses the 
intestine and genital glands, and forms the intestinal 
sinus, may perhaps best here be mentioned as in part 
having arisen from the circular musculature. We 
shall return to these also when we discuss the cir- 
culation and the origin of the above-mentioned 
membrane. 

Two especially interesting groups of muscles, of 
unmistakably Annelidan origin, deserve particular 
attention. These are the rows of dorso-ventral 
muscles (Fig. 14, dv^ which pass between the intes- 
tine and the genital glands in almost exact corre- 
spondence with the longitudinal muscle dissepiments 
so common among the Annelida {cf. Fig. 1 1, tin). In 
the Apodidae, these rows are composed of a kind of 
lattice work of muscle bundles with definite points 
of attachment, ventrally to the sinewy partitions of 
the ventral muscle bands and thus indirectly to the 
body wall, and dorsally to the segmental con- 
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strictions in the integument. In each segment we 
find two bands crossing each other diagonally, in 
addition to those placed between the segments. These 
strikingly Annelidan dorso-ventral muscle bands of 
Apus are not, as far as we know, preserved in any 
of the higher Crustacea, being rendered useless by 
the development of the exoskeleton. Clear traces of 
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them are, however, found in Limulus, where their 
points of attachment have drawn in the outer integu- 
ment to form the entapophyses. Their use in Apus 
will be discussed in the sections on circulation 
and reproduction. They are not developed in the 
posterior rudimentary segments. 

The muscles of the limbs present complications 
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which might have been expected, when we take into 
account the transformations which have developed 
the latter out of parapodia. It will not be necessary 
to describe the muscles of the more distal parts of 
the limbs ; we must confine ourselves to those which 
move the limbs on the body, and endeavour to show 

Arc 




Fig. 15. ^Tangential sections through three set^ents mssing between the longi- 
tudinal muscle bands and the lateral body wall, diagrammatic, the plane of 
the section passes through the points a and b in Fig. 14, A to show the 
circular musculature ; B to show the arrangement of the longitudinal muscu- 
lature ; C to show the crossing of the longitudinal muscle bands. 

how they have arisen as simple modifications of the 
original dermo-muscular tube. 

In the first place, we find that the muscles of the 
limbs have for the most part the same character as 
those of the trunk, i,e,y they are bands with broad 
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surfaces of attachment. They are, in fact, so far at 
least as they are composed of longitudinal muscles, 
nothing but the elements of the dermo-muscular tube 
drawn out of their position, as may be clearly seen 
from Fig. 12, which gives a general view of the whole 
musculature. The same fact might also be concluded 
from their great number, disorder, and want of con- 
centration. When, however, we have to decide which 
muscles belong to the circular and which to the 
longitudinal layer, the following seems to be the 




Fig. i6. — Diagram to explain the courses of the muscle bands In ^ and <^,,Fig. 15. 
z represents an Annelidan parapodium in its original horizontal position with 
three longitudinal muscle l^nds running into it. 2 represents the same drawn 
down to form a limb of Apus. 

principle of arrangement. The muscles which enter 
the dorsal side of the limb with broad insertions on 
the soft integument of the dorsal surface (Fig. 15, A) 
are probably elements of the circular muscle layer ; 
their position close under the lateral integument 
favours this derivation (Fig. 14, a^t, ; cf, also Fig. 11). 
On the other hand, we find on each side of the limb 
a number of muscle bands with more definite points 
of insertion ; these are attached dorsally to the sides 
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of the septa (see Fig. 15, E)y and are probably 
longitudinal muscles. The order in which these 
latter groups of muscles occur is significant of their 
origin, as shown in the diagram (Fig. 16). We find 
that those which arise most dorsally run the furthest 
into the limbs, this rule being regularly observed. 
This order is what we should expect if we assume 
that these are parts of the longitudinal musculature 
which ran outwards into the parapodium, the dorsal 
edge of which was then gradually lengthened, and 
the whole turned round the body in the transverse 
plane towards the ventral middle line, as shown in 
Fig. 16. The dorsal muscle bands will naturally be 
the most lengthened and reach the furthest down 
into the limb ventrally. In the case of longitudinal 
muscle bands running outwards into the parapodia, 
but traversing them from the anterior to the posterior 
wall, the same rule would hold and the bands would 
cross one another, as shown in Fig. 15, C} 

The musculature running into the ventral part of 
the limb or the ventral parapodium is more easy to 
separate into its elements (see Fig. 14). The longi- 
tudinal muscles come direct from the ventral muscle 
bands, and run sloping backwards, as shown in Fig. 12, 
so that the ventral parapodia or gnathobases which 
slope away downwards and backwards may be used 
for pushing food forwards in the middle line. The 

^ We have, however, only once found such muscle bands, and have 
since repeatedly looked for them in vain. It is not unlikely that our 
observations relating to them were incorrect, being founded on a series 
of sections, through which the individual muscle bands had to be 
followed. 
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circular muscles of the ventral parapodium are as 
inferior in development to those of the dorsal para- 
podium, as the ventral parapodium itself is inferior 
in development to the dorsal. They consist of only 
two bands. One passes between the ventral cord and 
the ventral muscle band, to be attached proximally 
to the ventral membrane of the intestinal sinus, the 
other is attached direct to the hypodermis at each side 
of the ventral cord (Fig. 14). The former muscle will 
be mentioned again in describing the circulation, in 
which it perhaps plays a more important part than 
it does in connection with the limbs. 

It is hardly necessary to describe the musculature 
of the trunk limbs more in detail. That of the head 
limbs, however, requires special attention, not only on 
account of the origin of these limbs almost exclusively 
from ventral parapodia, but also because the masti- 
catory formula of the Apodidae is, with slight 
differences, the same as that found in the majority of 
modern Crustacea, viz., one pair of mandibles and 
two pairs of maxillae ; although in Apus, the second 
maxillae are rudimentary. 

Commencing with the mandibles, we there find 
an arrangement exactly the opposite of that de- 
scribed in connection with the trunk limbs. In 
these latter the muscles running into the dorsal 
branch are the more highly developed ; in the man- 
dibles, however, the dorsal branch is rudimentary, 
and the muscles running into the ventral branch 
are the most developed. The closing muscles radiate 
from the sinewy mass above described, and are 
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enormously developed in accordance with the great 
development of the limb they have to move. 
They evidently correspond with the muscles already 
described as running into the ventral parapodia of the 
other limbs, that is with those which come from the 
longitudinal muscle band. They radiate from the 
sternal plate, i.e, from the remains of the ventral muscle 
bands of the head segments. At the dorsal extremity 
of the mandibles, we find the remains of the circular 
muscles which (see Fig. 15, A) were so powerfully 
developed in the trunk limbs, in two or three bands 
running between the dorsal middle line and the 
integument, where the last rudiment of the dorsal 
parapodium has disappeared (see Fig. 8, -^, </, p. 37). 
The longitudinal muscles, attached to the integu- 
mental folds between the limbs (see Fig. 15, -ff), are 
strongly represented, and probably serve both for 
closing the mandibles and rotating them round their 
longitudinal axes. 

The same description applies with but slight 
modification to the muscles of the first maxillae, but 
in this case, those of the ventral parapodium, though 
strongly developed in comparison with those of the 
ventral parapodia of the trunk limbs, are weak as 
compared with those of the mandibles. Again, a 
more distinct rudiment of the dorsal parapodium is 
retained in the first maxillae than in the mandibles, 
and into this rudiment a very long and tolerably 
strong band runs, probably homologous with the 
circular muscle bands shown in Fig. 15, A, The 
powerful muscles which enable the first maxillae to 
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function as jaws are also, like the closing muscles of 
the mandibles, derived from the sinewy mass, and 
run slantingly backwards, across the opening leading 
into the under lip. 

The muscles of the second maxillae are very slightly 
developed as thin slips running into the dorsal and 
ventral parapodia ; the former, as already described, 
arising from a point close to the opening of the shell 
fold. 

The rings of muscles round the eyes will be de- 
scribed in the section on the sensory organs, and we 
shall see that they are developed from the longitu- 
dinal musculature, and join the two bands which are 
attached to the proximal end of the upper lip. Certain 
bands which run from the sternal plate to the open- 
ing of the shell fold, to join the dorsal longitudinal 
bands, are probably to be referred to the dorso-ventral 
longitudinal muscle septa. 

We find the expected histological difference between 
the musculature of Apus and that of the Annelids, 
that of the former being striped, that of the latter 
unstriped. Perhaps the primitive character of the 
striped muscles of Apus may be seen in that the 
muscle cells form a thick irregular layer of nucleated 
protoplasm round each bundle of fibres, without any 
investing membrane or sarcolemma. 

This brief chapter by no means exhausts this 
interesting subject ; further study will doubtless 
reveal other, and perhaps more conclusive, homologies 
between the muscles of Apus and those of a car- 
nivorous Annelid. We have here selected only the 

F 
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most obvious ; enough, however, to establish our point 
that Apus may have been derived — at least so far as 
its musculature is concerned — from such an Annelid 
as we have described. We thus find that the 
musculature confirms what we learnt from our study 
of the outer organisation and of the appendages. 



SECTION V 

The Nervous System 

The nervous system of Apus does not at first sight 
seem to support our theory as obviously as does the 
musculature. This, however, is the case only at first 
sight. A closer study of it, and a comparison of it 
with that of an Annelid modified by having its five 
anterior segments bent in the way assumed, leave but 
little doubt concerning its origin. The central nervous 
system of Apus can in fact be shown to be the central 
nervous system of a bent Annelid adapted to the 
necessities of a new manner of life ; the principal 
modification being due to the migration of the eyes on 
to the dorso-frontal surface. 

Figure 17 shows the general type of the neryous 
system of a carnivorous Annelid, such as the ancestor 
of Apus may be supposed to have possessed. The 
longitudinal commissures may perhaps have been 
somewhat wider apart. ^ We find the brain in the 

^ See however p. 80. 

F 2 
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prostomium giving off two pairs of nerves to the 
two pairs of eyes, and connected by oesophageal 
commissures with the infra-cesophageal ganghon in 
the first segment. From this ganghon the nerves to 
the first antenns divei^e ; they may perhaps have 
been united for some distance with the oesopha- 
geal commissures. It is even possible that their 



ganglia may have moved forwards along the com- 
missures towards the brain, as in many Annelids we 
find the antcnnje moved forwards till they appear to 
be projecting from the posterior edge of the prostomium. 
The second antennze, belonging to the second segment, 
would receive their nerves from the second ventral 
ganglion, then would follow the nerves to the para- 
podia of the third segment, &c., in order. 
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Just as the sharp bending of the head led to a 
condensation of the ventral musculature into the 
sinewy mass above described, so it would naturally- 
lead to a fusing of the anterior ventral ganglia, as 
shown in Fig. 18. We should thus expect to find at 



•^. 
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Fig. 18. — Anterior end of the same, bent as in Fig. x to show the change in the 
central nervous system due to the bending of the body. 



least the first three or four pairs of ganglia of the 
ventral chain fused to form one infra-cesophageal 
ganglion ; the outgoing nerves, however, would remain 
distinct, except perhaps the first antennal nerve, which, 
as we have said, might have been fused for a short way 
with the oesophageal commissures, or might even, as 
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above stated, come almost direct from the brain. The 
other changes, brought about by the bending of the 
segments, would be the disappearance of the longi- 
tudinal commissures between the four or five fused 
ganglia, and perhaps a fusion of at least some of their 
transverse commissures. We shall see in the second 
part of this book, when we come to compare Limulus 
and Apus, that the nervous system of the former, 
though showing certain special modifications of its 
own, corresponds, to a remarkable degree, with that 
of such a bent Annelid, and thus shows even a more 
primitive state than that of Apus. 

Now let us consider the modification such a central 
nervous system would undergo owing to the gradual 
migration of the eyes on to the dorsal surface. Figs. 
19 and 20 are two diagrams to illustrate the change ; 
Fig. 19 supposing the ganglion for the first antenna to 
come from the infra-cesophageal ganglion. Fig. 20 sup- 
posing this ganglion to have already migrated along 
the commissures to near the brain. The brain, follow- 
ing the eyes, would divide the original oesophageal 
commissures (ce^ longitudinally, thus producing two 
oesophageal commissures, one {ce^ in its original 
position, innervating the oesophagus and the upper lip, 
and the other (^^3) carrying the brain and the eyes. 

This origin of the two oesophageal commissures in 
Apus is especially interesting because it explains t/ie 
origin of the sympathetic nervous system in the Crustacea. 
Reserving, however, this point for the present, we 
have to consider the more difficult problem relating to 
the position of the antennal nerves, and how they 
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would be affected by this splitting of the oesophageal 
commissure owing to the travelling backwards ^ 
of the brain. Taking first the case illustrated in Fig. 
19, i.e.^ assuming that the nerves for the first antennae 
branched, in the original Annelid, from the first 
Ventral ganglia, we tried to answer this question 
theoretically. Our answer, however, was not quite 
correct. We assumed that the first antennal nerve was 
originally united with the oesophageal commissures for 
a short distance, and would remain where it was when 
the brain dragged away the portion it required for 
itself We were doubtless also misled by the position of 
the first antennae of Apus near the prostomium. These 
mistakes were very natural. For the second antennae, 
however, our answer was correct. We rightly assumed 
that as the brain and oesophageal commissures moved 
forwards and upwards, passing through the position 
occupied by these antennal nerves, the two might 
unite, so that we described the nerves for the second 
antennae as branching off from the brain commissures, 
this position agreeing best with the position of the 
second antennae in Apus. 

On comparing this theoretical scheme for the antennal 
nerves with Zaddach's drawings, we found, as stated, 
that the nerve for the first antenna, which has the 
more ventral position, branched off from the brain- 
oesophageal commissure dorsally to the nerve of the 
second antennae which has the more dorsal position, 
so that, if Zaddach's drawings were correct, a slight 

^ ** Backwards " is morphologically correct ; actually the brain moved 
forwards and upwards. 
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crossing of the nerves must take place. Our own 
examination of the nervous system quite confirmed 
this, as shown in Figs. 19,20, and 21. These figures 




Fig. 19- — ^Diagram to show the derivation of the central nervous srjrstem of Apus from 
that of a bent Annelid as in Fig. i8 ; drawn on the assumption that the nerves 
of the first antennas of the original Annelid branched from the first ventral 
ganglion, x, 2, 3, 4, 5, ganglia of the ist, 2nd, 3rd, 4th, and 5th segments. 3, 
brain of Annelid ; /3, of Apus ; d?i, oesophageal commissures of AnneUd ; ce^, ^3> 
the two oesophageal commissures of Apus derived from d?i ; ai, ag, nerves to the 
zst and 2nd antenns of the Annelid ; ai, ao, ditto of Apus ; fi, ^3, nerves to the 
eyes of the Annelid ; iji, i}2i ditto to those of Apus. 



should be compared with Figs, i and 2, which show 
the positions of the antennae. 

This position of the first antennal nerve tells us, 
however, nothing definite as to the position of the 
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ganglion. All we can positively affirm is that, if 
the ganglion was infra-oesophageal in the Annelid, 
the proximal portion of the nerve was carried up 
with the cerebral portion of these commissures 




Fig. so. — ^Dia^ram showing the same as Fig. 19. drawn, however^ on the assump- 
tion that the nerves for the first antennae in the original Annelid came firom the 
' posterior end of the brain. Lettering the same as in Fig. 19. X shows the 
position of the ganglia of the first antennae according to Pelseneer. 



which split off and travelled backwards. This would 
explain the apparently anomalous position of the 
points of departure of the antennal nerves from 
the brain-oesophageal commissure, — they have to cross 
each other to reach their destinations. As these 



74 THE APODIDiE part i 



commissures travelled upwards, describing part of a 

circle, carrying up with them the two pairs of antennal 

nerves, the pair of nerves which originally had the 

more ventral position would naturally come to occupy 

the more dorsal position, as shown in the diagram, I 

Fig. 19. 

If now we assume, as shown in the diagram, Fig. 20 
that in the original Crustacean-Annelid the ganglia 
of the first antennae had already travelled up the 
oesophageal commissures to near the brain, then we 
have to suppose that these ganglia split away with 
the brain-oesophageal commissures, although, by 
so moving off with the brain, they were dragged 
further from the limb their fibres had to innervate. 
This latter assumption, as shown in Fig. 20, agrees 
best with the description of the central nervous system 
given by Pelseneer. He assumes that a group of 
ganglion cells, in the position marked x in Fig. 20, 
form the ganglia for the first antennae, and he supports 
this claim by the fact that the nerves branch back- 
wards, as shown in Figs. 20 and 21.^ If this reason- 
ing is correct, then we may assume either (i) that the 
migration of the ganglia had already taken place in 

^ Quarterly Journal of Micro » Sc.^ vol. xxv. Although inclined 
to believe Pelseneer's view to be correct, his arguments do not > 

seem to us quite conclusive. The results of our own research \ 

unfortunately remained neutral. We should much like the point re- 
examined ; perhaps the new method of staining the nervous system of 
living animals with methyline blue would reveal the actual courses of | 

the fibres. In our own best hematoxylin preparations the fibres 
became suddenly quite confiised where the antennal nerve joined the 
commissure, and we could not say whether they ran on to the brain, or 

bent back towards the infra-oesophageal ganglion. ^ 

« 
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the original Annelid, and is inherited by Apus, or 
(2) that the formation of the compound sensory 
nervous centre (the syncerebrum of Lankester) has 
taken place in Apus by the wandering of the first 
pair of ganglia to join the brain. The former seems 
to us the more natural conclusion, considering 
the great difference in the distances between the 
brain and antennae of an Annelid, and between 
the same parts in Apus. We mean that the great 
distance between the cerebral position of the ganglia 
of the first antennae and the antennae themselves in 
Apus, which seems unnatural, is best explained by 
assuming that this cerebral position of the ganglia 
was derived from the Annelid, where, owing to 
the proximity of the antennae to the brain, it is 
most natural. On the other hand we think the 
second view the less probable, considering (a) the 
weak development of the first antennae in Apus, and 
(Ji) the distance of the eyes from the antennae, and the 
difficulty of correlating their respective sensations, the 
eyes pointing forwards and upwards, the antennae 
backwards and downwards. 

In the higher Malacostraca, with well-developed 
antennae placed close to the eyes and functioning as 
auditory, olfactory, and tactile sensory organs, there 
would be no difficulty in imagining the migration of 
the ganglia to have taken place in the course of their 
development. But, as already stated, it is difficult to 
imagine this in the case of Apus, and it is easier to 
suppose that the fusion of the antennal ganglia with 
the brain had already taken place in the original 
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Annelid, We may perhaps find some support for 
this view in the fact that the first antennae never 
appear in the Crustacea as anything but uniramose 
which shows that, in the original Annelid, they had 
long lost all traces of the parapodia to which they 
primitively belonged, and were nothing but sensory 
organs projecting forwards on each side of the pro- 
stomium. 

Some further light might perhaps be thrown on this 
point by a study of the central nervous system of 
Limulus, which shows in some respects a more primi- 
tive condition than that of Apus, at least as regards 
the position of the brain. According to Packard, the 
fibres of the first antennal nerve do not come from the 
brain, but from the oesophageal commissures near it. 
Owing, however, to the great modification of the 
oesophageal commissures of Limulus, in consequence 
of the lengthening out of the oral aperture, it is doubt- 
ful whether this fact supports the view illustrated in 
Fig. 20, that, in the original Annelid, the ganglia of 
the antennae had moved to near the brain. 

There are, however, other points which bear on this 
question. On examining the first section of the ven- 
tral cord of Apus, we find a long ganglion consisting 
of two groups of ganglion cells, and joined by two 
transverse commissures. From the long ganglion, the 
prostomial-oesophageal commissures run down to 
embrace the oesophagus. Before reading Pelseneer's 
paper, we were inclined to consider the front group of 
ganglion cells, which form part of the long ganglion, 
as belonging to the first antennae. It did not occur 
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to us that they belonged to the prostomial com- 
missures, or stomato-gastric ring, as suggested by 
Pelseneer, because we considered this ring as no 
special nerve branching from the cord, but simply as 
the remains of the original oesophageal commissures. 




Fig. 2x. — Ceotral nervous system of Apus. Lettering as in Figs. 17, 18, and 19. 
enty nerve to the eve muscles ; e^^ the anterior pair of eyes transformed into the 
unpaired " eye " (cf. % on the sensory organs); * the position of the ganglia of 
the zst pair of antennae according to Pelseneer. 



As for the two transverse commissures, we consi- 
dered them to represent the two commissures of the 
two pairs of antennal ganglia. We assumed that each 
was due to a fusion of two transverse commissures, 
at least if we might conclude from the fact that the 
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other ventral ganglia in Apus have two transverse 
commissures, that the transverse commissures of the 
antennal ganglia were also originally double. On this 
supposition, passing from the original Crustacean- 
Annelid to the higher Crustacea, we should have two 
separate fusions. First, in Apus, there is a fusion of 
the double transverse commissures of the two pairs 
of antennal ganglia, leaving two transverse com- 
missures, one for each pair of antennal ganglia ; 
then, in the higher Crustacea, these two single 
transverse commissures of the two pair of ganglia 
again fuse, so that there is only one transverse com- 
missure joining the oesophageal commissure in front of 
the infra-oesophageal ganglion. This transverse com- 
missure, which is always assumed to be that of the 
ganglia of the second antennae, would be, according to 
this view, the fused transverse commissures of the 
ganglia of both pairs of antennae, though the ganglia 
themselves have wandered towards the brain. 

We can see no inherent difficulty in thus deducing 
the central nervous system of Apus from that of a 
bent Annelid ; none of the assumed transformations 
are in themselves improbable, if the migration of the 
eyes is once admitted. We shall return more than 
once to this subject of the migration of the eyes, 
especially in connection with the Nauplius and 
Limulus, in each case bringing forward fresh evidence 
in support of the assumption. In the meantime it 
seems to us that the central nervous system of 
Apus, taken as a whole, bears incontestable witness 
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to the fact that the eyes have thus travelled on 
to the dorsal surface. Zaddach's diagram gives the 
brain and oesophageal commissures a distinct curve 
backwards, so that they come to lie along the 
oesophagus, reaching as far back as the mid-gut. 
The brain lies between the hepatic-diverticula. 

In discussing the appendages, we saw how the 
antennae, which were originally metastomial, became 
prostomial by the bending of the head. We now 
see that the same change of position has taken place 
in the case of the points of departure of their nerves 
(at least of those of the second pair). By the sweep- 
ing round of the cerebral portion of the oesophageal 
commissures upwards and backwards, and by their 
carrying the antennal nerves along with them, these 
nerves have also acquired a prostomial position. 

This derivation of the central nervous system of 
Apus from that of a bent Annelid throws new light 
upon the fact, established by Claus and Dohrn, and 
referred to by Balfour with evident surprise, that, in 
the Nauplius, the nerves for the second antennae arise 
from the infra-oesophageal ganglion. This is of 
course what we should have expected, indeed from 
our point of view it is necessary to account for the 
fact that the nerves of both the pairs of antennae do 
not arise from the infra-oesophageal ganglion. We 
are obliged to assume that this primitive Annelidan 
condition was passed through in embryonic and not 
in larval life, i,e.^ in an early Annelidan, not in a 
Crustacean stage. 

Of the rest of the nervous system little need be 
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said ; the Annelidan character of the ventral cord of 
Apus has long been acknowledged as an unmistak- 
able sign of relationship between it and the Annelida. 
Lankester has also called attention to the fact that 
the ventral cord resembles more nearly that of a 
Chaetopod than that of a Crustacean. He sees its 
archaic character in the fact that the longitudinal 
strands are separated by a considerable interval. 
This reasoning is however doubtful, because in the 
rudimentary segments of Apus the ganglia in each 
segment are close together. While it is true that 
a great interval between the longitudinal halves of the 
ventral cord of an Annelid is generally supposed to 
denote an archaic condition, this state in Apus has 
clearly been secondarily acquired. Further, the pre- 
sence of well-developed parapodia, which were 
gradually transformed into Crustacean limbs, is con- 
clusive evidence that the Annelid from which Apus 
was derived was not a primitive form. The drawing 
out of the longitudinal commissures of the anterior 
ganglia of the ventral cord which, in the bent 
Annelid, were massed together (see Fig. i8), is clearly 
a secondary modification, due to the travelling 
forwards of the brain. It will be referred to again 
in the next section in connection with the migration 
of the eyes. 

Till now, it has never been quite understood why 
the ventral cord should - suddenly cease with the 
limbs, so that no ventral ganglia are developed in 
the limbless segments. The explanation of this we 
have already seen, viz., that the posterior end of the 
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body becomes fixed in a larval stage ; the posterior 
limbs with their ganglia remain quite rudimentary, 
while the last few segments develop neither limbs 
nor ganglia. 

Some light is also thrown on the morphology of 
the sympathetic nervous system, which is particularly 
well developed in the Malacostraca. The second 
oesophageal ring formed by the sympathetic nerve is, 
in fact, the remains of the original Annelidan oeso- 
phageal ring, after the splitting off of the portion 
which carried the brain. The present Crustacean 
oesophageal commissures, together with the ring 
made by the sympatheticus, formed the original 
Annelidan oesophageal commissures. 

We also get an interesting insight into the mor- 
phology of the Crustacean brain. Originally, when 
still placed in the prostomium, it consisted of the 
ganglia of the two pairs of eyes, and of whatever 
other sensory organs may have been on the prosto- 
mium, and perhaps also of the ganglia of the first 
antennae. These sensory centres (with the exception 
of the last, which were probably situated on the 
oesophageal commissures) were but collections of 
hypodermal ganglia, as is clear from the fact that the 
pair of longitudinal muscles which traverse the head 
dorso-ventrally (see Figs. 12 and 13) pass between 
the brain-oesophageal commissures {ce^ ; this shows 
that the ganglia must have had a hypodermal posi- 
tion, i.e.y must have lain between the hypodermis and 
the musculature. On the migration of the eyes, the 
optic ganglia would separate from the ganglia which 

G 
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belonged especially to the prostomium, taking the 
antennal ganglia along with them on the com- 
missures which continue to unite the brain with the 
ventral cord. 

The transformation of the anterior pair of eyes 
into the unpaired " eye " with other sensory functions 
would bring about secondary complications. 

The gradual wandering of the ganglia of the first 
antennae along the oesophageal commissures, or, if 
these were already near the brain, their final union 
with the same, added further complications. 

Lastly, when the antennae, and especially the 
anterior pair, adopted a frontal position on the head, 
and became important sensory limbs carrying 
olfactory, auditory (? directive), as well as tactile 
sensory organs, so that their ganglia became large 
complex sensory centres at the posterior end of the 
brain, its complication was completed, and it 
reached the stage found in the higher Crustacea 
(e.g-,, Decapoda). 

At first sight, this method of deducing the Crusta- 
cean nervous system from that of a bent Annelid 
may not appear to the reader altogether satisfactory. 
We may therefore perhaps anticipate what we shall 
describe in its right place, and mention that when we 
drew Fig. i8, to show where the brain was originally 
placed in the more Annelidan ancestors of Apus, we 
had quite forgotten that this was s^tU the place which 
it occupies in Limulus, In Part II. we hope to be 
able to show that, if Apus is derivable from a bent 
Annelid, Limulus must also have had the same 
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origin. This difference in the position of the brain in 
Apus and Limulus is one of those cases, referred to in 
the preface in which the differences between these two 
animals afford more striking proof of their relation- 
ship, through a common origin from a bent Annelid, 
than any similarity in the position of the brains could 
have done. 
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SECTION VI 
The Sensory Organs 

In our endeavour to deduce the sensory organs of 
Apus from those of a carnivorous Annelid, we must 
not forget that the development of an exoskeleton 
must necessarily lead to striking modifications. 
Such modifications, important in all the organs, are 
especially so in those which, like the sensory organs, 
lie at the surface in more or less immediate contact 
with the outer world. We will take the sensory 
organs in turn, and discuss the changes which took 
place in them during the transformation of the 
Annelid into the Crustacean. 

The antenncBy as sensory organs, admit without 
difficulty of deduction from the antennae and antennal 
parapodia of the first two segments of the Annelid, 
as we have already seen in the section on the 
appendages. 

The round white spot behind the eyes of Apus 
has often been taken to be a sensory organ, and we 
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originally assumed it to be the remains of a frontal 
cirrus (as shown in Fig. i) smoothed off to facilitate 
swimming. We have, however, discovered that its 
functions are entirely excretory (see Section IX., on 
the excretory organs, and Appendix III.). 

Of the original four anal cirri of the Annelid, two 
are retained and two are rudimentary. Those 
retained have developed a ringed cuticle for the 
greater part of their length, and so far are covered 
with set?e also arranged more or less in rings, those 
on the inner side being longer than those on the 
outer. The tips of these cerci are thin-skinned, and 
function as tactile papillae ; this is indicated by 
shading in the drawing of L. Spitzbergensis given as 
frontispiece. 

The two rudimentary cirri are reduced to papillae 
on the dorsal surface of the anal segment ; they are 
thin-skinned, and surrounded anteriorly by a rampart 
of thorns ; from the centre of each rises a long branched 
tactile hair. 

The whole body is covered with hairs. We have 
found at least four kinds. 

(i) There are very fine hairs in groups of two and 
three ; they are apparently longer {ca, 4/a) on the inter- 
segmental membranes than on the harder parts of 
the cuticle {ca, 2fi), We have found them chiefly on 
the exposed abdominal segments. It is very doubtful 
whether they are sensory ; their great numbers and 
minute size render it probable that they serve to 
prevent the attachment of other organisms which 
might hinder free locomotion. On the other hand, 
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this very roughness might favour the attachment of 
spores. 

(2) There are, further, short straight hairs whtch 
seemed to be sensory, but all our attempts to trace 
their elements through the cuticle were baffled ; in 
one place alone, where the cuticle was split from the 
hypodermis, we saw fine processes connecting the 
points where the hairs arose with the hypodermis, 
and these may have been nerve fibres. These short 
hairs are very numerous, especially in the frontal and 
dorsal regions of the head. 

(3) There are undoubted sensory hairs whose 
nerves even with a low power are easy to follow into 
the hypodermis, where they probably join the sub- 
hypodermal nerve plexus. 

(4) The sensory hairs and setae on the limbs may 
perhaps be classified as follows. 

(a) Tufts of minute hairs on small papillae round 
the edges of the endites, and along the outer edges 
of the gnathobases. 

()8) Long feathered hairs on the gnathobases, occur- 
ring together with sharp tooth-like setae, which latter 
help to give the gnathobases the character of jaws 
(see Fig. 9, p. 47). The nerves of these highly 
developed tactile hairs are easy to follow ; the 
ganglia at their roots are compound (see Fig. 31, 

p. 130- 

(7) A fringe of similarly feathered hairs round the 

flabella, which we. have homologised with the sensory 

cirri of the dorsal parapodia. The flabella being 

transparent, the nerves can easily be followed. 
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(8) Hooked or bent hairs on the first antennae 
which we homologise with the olfactory hairs of 
the higher Crustacea (see Fig. 7, p. 34). 

To these may be added : — 

(e) Fine sensory hairs thickly covering the inner 
surfaces of both upper and lower lips. 

The gill, as already stated, has no hairs, since these 
would hinder the free flow of the respiratory medium. 

Besides these different kinds of hairs, there are 
stiff" denticulate bristles in rows near the bases, on the 
flat surfaces, of the rhomboidal feelers (the endites), 
which probably hinder the escape of prey between 
the limbs (see Fig. 5, p. 23, and p. 46). 

While, perhaps, the finer sensory hairs may be 
homologised with similar tactile hairs in the Annelida, 
it is not easy to homologise the more highly developed 
setae. If any of the original Annelidan setae have 
been transformed into the hollow Crustacean hairs, 
the transformation would have to be described some- 
what as follows. The thickening of the cuticle 
supplying a firm base for the seta, it would not be 
necessary for it to sink below the integumental surface. 
Again, the integument not being liable to be thrown 
into folds like the soft skin of the Annelida, 
the seta would not require to be movable ; hence 
there is no need for it to project from a sac-like 
group of secreting cells under the cuticle, provided 
with muscular attachments. The Crustacean seta is 
a hollow process of the cuticle secreted by a ring of 
hypodermis cells, through which the nerve runs into 
the lumen of the seta. At the base of the hair, the 
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nerve swells into a ganglion. In the feathered hairs, 
a fibre runs into each barb, and the ganglion is a 
regular group of cells (see Fig. 31, p. 131). This 
nerve may well be the nerve which originally supplied 
the setiparous gland of the Annelid, and the ring of 
secreting cells all that remains of the sac itself. 

On each side of the under lip is a straight longi- 
tudinal row of sensory papillae. As these are some- 
times found thickly clogged with particles of food, 
they probably border the channel leading into the 
oesophagus on each side, to hinder juices, &c., from 
escaping laterally under the mandibles. 

THE EYES. 

We are here brought face to face with a problem 
of no small difficulty. It is clear that if our theory 
is true, we have to attempt to explain the develop- 
ment of the eye of Apus, /.^., the development of the 
typical Crustacean eye from that of the Annelids. It 
is hardly necessary to dwell upon the difficulty of 
such a task, since it is but too well known that the 
last word has not been said as to the actual structure 
of either the Crustacean or the Annelidan eye. Still 
we cannot turn from the attempt, especially as we 
hope to be able to show that if we do not go 
into too many details, and at the same time keep con- 
stantly in mind the effisct which the development of 
a thick chitinous cuticle would naturally have upon 
the hypodermal eye-spots, it is possible to sketch a 
fairly probable origin of the Arthropodan eye. 
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We confine our attention at present entirely to the 
paired eyes, reserving the unpaired " eye " for special 
description later on. We may here say that, whether 
this attempt to explain the origin of the Crustacean eye 
as a visual organ from the Annelidan eye succeeds or 
not, our theory will not be affected, for there are 
points in the anatomy of the eye of Apus, such as the 
musculature and the space between the eye and the 
integument for water, which are easily enough ex- 
plained on our theory, and which would, we think, be 
very difficult to explain on any other theory. If then 
we ourselves fail to trace the rise of the elements of 
the Crustacean eye, another, better fitted for the task, 
will no doubt be more successful. 

As already stated in the introductory chapter, our 
original Annelid is supposed to have had (like the 
Nereidae) two pairs of eyes on the prostomium, which 
we have called simple eye-spots. Von Graber has 
shown that these Chaetopodan eye-spots are by no 
means simple structures, but are complicated visual 
organs. This, however, does not make our task any 
the more difficult, because we attribute the trans- 
formation of the Annelidan into the Crustacean eye 
chiefly to the thickening of the cuticle, which is one of 
the Crustacean characteristics of the Nauplius before 
the paired eyes are formed. The simple hypodermal 
elements of the Annelidan eye have thus had to 
develop, in each individual, not under Annelidan but 
under Crustacean conditions, i.e., under a thickening 
exoskeleton. 

When we come to ask what are the most character- 
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istic elements in the Crustacean eye, we find them to 
be (i) the crystal cones, and (2) the retinulae, ie,y 
definite groupings of a certain number of retinal and 
pigment cells (see Fig. 23). In the first of these we 
have a new structure, whose development must be 
accounted for ; the second may safely be assumed to 
be merely specialised hypodermal sensory {i,e.^ visual) 
cells ; we have simply to account for the " retinula- 
tion " of these cells, as Lankester calls the grouping 
of them into retinulae. 

We assume, then, that first of all the crystal cones 
were but slight irregularities in the thickness and 
refractiveness of the developing cuticle. Under 
these irregularities, />., under those which either con- 
centrated the light or otherwise favoured its passage, 
the visual cells would naturally tend to group. We 
say naturally, because it is clear that, under places 
through which the light but feebly penetrated, the 
visual cells would be rendered useless. In process of 
time, certain definite irregularities of the cuticle would 
be selected and further developed as lenses, &c., for 
collecting the light. We find in the eye of Limulus 
the particular form of cuticular development which 
may have given rise to the crystal cones of Apus {cf. 
Fig. 22 with Fig. 23). This fact is particularly 
interesting because we have already seen that 
Limulus has retained the original position of the brain 
in the bent Annelid. And here we find the same 
animal supplying a form of eye which shows clearly 
a possible origin of the Crustacean crystal cones. 
We have only to assume that such conical processes 
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of the cuticle as we find in Limulus projecting inwards 
became separated from the cuticle, and thereby, 
naturally, surrounded by their secreting hypodermis 
cells, and we have at once the Crustacean crystal 
cones and cone-cells.' 

In the eye of Limulus we further find visual sensory 
cells forming groups or retinulse at the tips of the 
cones, these latter having been gradually pushed 



a]Is(i/)l atlhe lips of Ihe cones an fuund iherclioulz imbedded in connective 

down below the hypodermis into the subhypodermal 
connective tissue. We find exactly the same in the 
eye of Apus (see Fig. 23), where the crystal cones and 
the hypodermis cells form the original hypodermis 
layer, the retinulae having been pushed down even 

' Grenacber in bis Slhorgant dtr Arlhrapoden stales that the cones 
in Limulus have nothing to do with the Crustacean crystal cones. 
Our contention here is, however, tbat some such conicie projections 
of the cuticle, not necessarily exactly similar to those in Limulus, may 
easily be supposed to have produced tbe Crustacean crystal cones, by 
being separated from theii cuticle. 
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below the connective tissue layer. In this way we 
get the double layer of cells composing the typical 
Crustacean eye. 



cc 



/ 




Fig. 23. — Dla^am of two single eyes of the paired eyes of Apus. hy^ original 
undifferentiated hypodermis cells secreting outer cuticular membrane, ccy 
crystal cone cells = differentiated hypodermis cells secreting the cones {cr) ; cly 
layer of connective tissue fibres = subhypodermal connective tissue layer ; r, 
retinulae, i.e.^ groups of sensory (retinal) cells {re\ with their rhabdoms (rA), 
and pigment cells {p^) ', these belong to the hypodermis, but are thrust down 
below the subhypodermal connective tissue layer by the cones. 



The great advantage of this separation of the cones 
is not far to seek. The rounding off of the distal ends 

^ See Appendix II. on the pigment in these cells. 
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of these cones seems one of the simplest methods of 
obtaining convex surfaces to act as lenses for the 
reception of the light-rays from all directions. The 
formation of corneal lenses over these cones is a 
secondary and, we think, a much more complicated 
specialisation. 

Another possible advantage gained in the separa- 
tion of the cones from the cuticle is the slight 
possibility of movement which the separate omma- 
tidia or single eyes would thereby acquire. It 
appeared clear to us, during our study of the eye of 
Apus, that the separate elements were capable of 
slight movement, brought about, no doubt, by the 
layer of connective tissue, which is only indicated 
by faint lines in the diagram (Fig. 23), but which in 
reality is very highly developed. The slight attach- 
ment of the crystal cone cells to the cuticle would 
not altogether prevent such small movements as we 
suppose. 

If the Crustacean eye is in this way to be referred 
to the formation of the exoskeleton, it seems clear 
that no special value can be attached to similarity of 
eyes in establishing the relationships between animal 
groups. The development of an exoskeleton is 
common to the whole class of the Arthropoda, and 
there is no reason why very different forms of cuticular 
irregularity should not be utilised by the visual cells, 
which would group themselves accordingly in different 
ways. We thus see no reason whatever for trying to 
deduce the one form of Arthropodan eye from the 
other, it being more probable that they are with a few 
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exceptions independent groupings of the sensory cells 
under different forms of cuticular irregularities. 

Returning to the eye of Apus, it is of special 
interest to find that the eyes of all the Crustacea 
which we assume to have descended from Apus may 
be referred back to different groupings and modifica- 
tions of the ommatidia, whose first development in 
Apus we have endeavoured to describe. 

The formation of the corneal facets above the 
crystal cones may be due to a further utilisation 
of irregularities in the thickness of the cuticle which 
remains after the separation of the crystal cones. In 
this way, we think, the gradual development of the 
Crustacean eye may have gone hand in hand with 
the thickening of the cuticle to form the exoskeleton 
characteristic of the class. We have two highly 
plastic elements, the hypodermis, with its scattered 
sensory and pigment cells, and the thickening cuticle. 
We cannot help thinking that it was the latter which, 
coming between the sensory cells and the source of 
stimulation, took the lead in the formation of the 
different kinds of Arthropodan eye. 

Before dismissing the subject of the development 
of the Crustacean eye we feel that some apology is 
necessary for treating it so shortly and so lightly. 
We have not attempted to work through the enor- 
mous literature on the structure and development of 
the Crustacean eye.^ Our object here has been to 

1 While these pages have been passing through the press we have 
had occasion to read Watase's admirable paper on the ** Morpholep 
of the Compound Eyes of Arthropods.'' It was especially interesting 
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describe a possible development of the Annelidan 
eye-spots into simple Arthropodan eyes, that being all 
that we here need, in our endeavour to show that 
Apus is a very primitive Crustacean, and at the same 
time but a slightly modified Annelid. What we have 
here written is a preliminary suggestion as to the 
probable rise of the Crustacean eye. We hope in 
another place, and in another connection, to discuss 
it more fully, dealing especially with the sensory 
elements and their physiological significance. 

Some further morphological details relating to the 
paired eyes of Apus fortunately admit of more satis- 
factory deduction from the Annelida than does the 
fine structure of the eyes themselves. 

As to their position, we have two remarks to make : 
I. We find them on the dorsal frontal surface, 
whereas in the original Annelid they were on the 
prostomium. It has already been assumed that, on 
the fixation of the bent attitude of the five anterior 
Annelidan segments, they gradually wandered round 
on to the dorsal surface. There is no great difficulty 
in this assumption, especially as we have seen, in our 
investigation of the central nervous system, that the 
position of the brain and the divided oesophageal 
commissures indicate that such a wandering of the 

to us to find that he had also selected the compound eye of Limulus as 
the nearest type of the primitive Crustacean eye. We do not see what 
is gained by his assumption of integumental pits. It is not easy to see 
how the various stages in the development of these pits could have 
functioned as visual organs, 
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eyes has taken place. The length of the stalks of 
the optic nerve, and the secondary drawing out of 
the longitudinal commissures of the anterior ventral 
ganglia, point to the same conclusion. 

2. We find the eyes close together, i,e,y about as 
near to one another as they probably were on the 
prostomium. This point is important, because it is 
often assumed that the eyes of Apus have moved 
together from the sides towards the middle line, 
whereas, on the contrary, we hold that the eyes of' 
Apus have kept about the same distance apart as 
they were on the prostomium of the Annelid 
ancestor, and that it is the eyes of the higher 
Crustacea which wander apart and take up positions 
at the sides. The gradual reduction of the dorsal 
shield, in the majority of the descendants of Apus, 
facilitates the wandering to the sides. The case of 
Limulus is particularly interesting. Here, as will be 
described later, the eyes wandered from the first, not 
forwards and upwards, but sideways and upwards, so 
that the brain could not follow as in Apus, but, being 
drawn in two opposite directions, remained where it 
was, the extraordinary length of the optic nerves 
showing clearly that the eyes must have wandered 
considerably. 

Almost more interesting, however, are the water- 
sacs which spread out over the eyes of Apus, 
between them and the integument. These have never, 
we think, been described before, at least in detail, 
and here deserve particular attention as lending 
support to our theory of the migration of the eyes. 
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Fig. 24 is a diagram of these water-sacs. A small 
pore, in the shape of a fine transverse slit (see 
Figs. 34 and 69, p. 303) in front of the eyes, is, in 
large specimens, visible to the naked eye. This leads 



r. cEwphae^ 



into a canal, which runs along the dorsal surface of 
the unpaired "eye," Here it widens out con- 
siderably, its upper and lower chitinous membranes 
being in close contact, except in the median line 
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above the unpaired " eye " (see Fig. 27, p. 105). At the 
posterior end of the unpaired " eye " it gives off a 
branch which runs into that organ, as will be described 
later. The sacs then widen out over the eyes, as 
shown in Fig. 24. 

This water-layer probably facilitates the move- 
ment of the eyes by the ring of muscles attached 
round their rims. It is not improbable that the 
sacs further serve as lenses, but this cannot be stated 
with certainty. As for the mechanism by which the 
water is drawn in and out, a contraction of the whole 
ring of muscles at once would draw the water in, 
while a general pressure of the body fluid under the 
eyes, caused by muscular contractions in other parts 
of the body, would expel it through the canal. 

This whole structure has probably been developed 
in the following way. The original head showed con- 
strictions between the segments of which it was 
composed, t.e,, folds of the skin projecting inwards. 
The eyes, in travelling backwards, would necessarily 
have to pass by these folds. The first fold of all 
would be that between the prostomium and the 
first segment. It is clear that the eyes must either 
be stopped in such a fold, or else carry it back with 
them. This latter is what we suppose took place at the 
posterior edge of the prostomium. The eyes came 
against the fold of the first segment, which generally 
overlaps the prostomium when the body is at all 
contracted. Under this the eyes would disappear.^ 

* It is clear that while the bending round of the anterior segments 
would so stretch the dorsal integument as to obliterate all such constric- 
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It would be impossible for them to get further 
than the posterior end of this fold unless they 
dragged it after them, and thus, as we suppose, the 
fold has travelled backwards with the eyes, the front 
part gradually closing, till only a fine transverse slit 
is left. 

This derivation of the water-sacs receives some 
support from the ring of muscles round the eyes, 
which are clearly bands borrowed from the longi- 
tudinal musculature. Their sinewy attachment joins 
the large muscle which runs down from near the 
eyes to be attached near the prostomium. A com- 
parison of Fig. 24 with Figs. 12 and 13, p. 56, makes 
the origin of the eye muscles very evident. As the 
eyes, which are hypodermal structures, travelled 
backwards, dragging an intersegmental fold back 
with them, they naturally took along with them some 
of the longitudinal muscle bands attached to that 
fold. This accounts for the way in which a hypo- 
dermal structure, such as the original Annelidan eye, 
became an independent organ, movable by a special 
and apparently highly developed system of muscles. 

The development of the stalked eye from the eye 
of Apus appears to us by no means such a simple 
matter to understand. We are inclined to think that 
it may have taken place in two different ways: 
(i) By the gradual projection of the eye itself above 
the surface of the body (we find such projections of 
the eye stalks in many Trilobites). (2) By the 

tions between them, this would not be the case with the fold between 
the prostomium and the first segment. The labrum of Apus was 
probably at first a movable organ. 

H 2 
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gradual diminution of the shield and head, and the 
sinking in of the sides of the latter till the eyes, 
with their cones of long muscle-bands {cf. Fig. 24, vi), 
became movable lateral ridges running dorso-ventrally. 
Their gradual complete articulation at their bases 
would then easily follow. This method of trans- 
forming the eyes of Apus into movable stalked eyes 
is well exemplified in Branchipus stagnalis, which is 
nearly related to Apus. The head region seems in 
it to be reduced to a small base for carrying the 
enormous second antennae and the stalked eyes. 



THE UNPAIRED **EYE." 

This organ, which is just visible as a dark spot be- 
tween the paired eyes of Apus, is often called the 
*' rudimentary median eye of Apus." Closer study 
of it, however, reveals that it is a highly developed 
sensory organ with definite functions of its own. In 
describing the water-sacs over the eye, we have 
already had occasion to refer to it, and we there found 
that through the canal which leads into these water- 
sacs its interior is also in open communication with 
the external world, that is, if the chitinous fold which 
runs into it is really open at the end. It is better to 
defer a discussion as to the use of this organ until after 
an examination of its general structure and probable 
origin. 

Beyond the account of the middle eye of a Cope- 
pod by Grenacher, this organ has received very little 
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attention. It is generally referred to as the x-shaped 
eye-spot which occurs throughout the Entomostraca, 
but disappears during larval life in the Malacostraca. 
It is, as a rule, so small, that investigation of its 
finer structure is difficult. In Apus, however, the 
unpaired eye is so large that its finer details are made 
out with comparative ease. This fact is especially 
important from our point of view, for if Apus is really 
the (or a) primitive Crustacean, then all the unpaired 
eyes throughout the whole class are in all probability 
only modifications of that of Apus. Hence it is 
necessary, for a comparative study of these organs, to 
have some accurate knowledge of their original form. 
Wc feel justified in assuming that this organ in Apus 
is in its original form, not only because Apus has 
retained so many primitive {i.e, Annelidan) character- 
istics, but because, as will be described below, this 
form gives us a clue as to the origin of the organ out 
of an anterior pair of Annelidan eye-spots. In these 
pages we must of course confine our attention exclu- 
sively to the unpaired eye of Apus, describing in 
order (i) its general structure ; (2) its probable origin ; 
and (3) its present functions. 

Structure. — Two groups of sensory cells, each form- 
ing what is in this connection generally called a retina, 
yield the two side walls of a cavity which is flat at the 
top and rounded below. The top consists of the chiti- 
nous fold, already described as forming the water-sac, 
while the lower part hangs free in the body cavity. 
Anteriorly, the cavity runs to a point along the water- 
canal (see Fig. 25) ; posteriorly, it ends in a blunt 
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point very nearly abutting on the brain. The posterior 
wall of the cavity and the posterior half of its floor 
arc also composed of somewhat similar retinse. The 



irough Ihe unpaired "eye," diagrammatic, 
aliot pigmcnl cells; i, water-»pa« over 
e olT a brancb (n) into thi iDtmot of the 



sensory ends of all these retinal cells point inwards ; 
the nerves from the outer ends of the cells unite 
together to run towards the brain, forming from the 
four retinae four nerve strands on which the un- 
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paired " eye " seems to stand on the brain, as on four 
stalks, between the stalks of the optic ganglia. The 
stalk of the ventral retina is distinguished by the pre- 
sence of several enormous ganglion cells, apparently 
the largest in the whole nervous system of Apus, 



A cross section of the posterior end of the organ 
looks to the naked eye like an X. The retinze, bul- 
ging in somewhat towards the interior of the cavity, 
give its lumen this form. (Sec Fig. 27, 3.) The 
pigment cells which fill the cavity form a tangle of 
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pscudopodia without any apparent arrangement. 
They contain the same minute olive green pigment 
granules as the other pigment cells, which spread out 
in great numbers over the subhypodermal connective 
tissue layer throughout the body. This, however, is not 
always the case ; some specimens had brown pigment 
in large granules like those of the paired eyes. Some 
of the pseudopodia penetrate a long way between the 
retinal cells, and, at the surface of the organ where 
there are no retinal cells, the pigment cells with their 
long processes form together the external surface, 
the whole structure having apparently no enclosing 
membrane. The pigment cells, in fact, are nothing 
more than a plexus of the ordinary pigment 
cells which spread out irregularly throughout the 
whole body, among the subhypodermal connective 
tissue. 

In a well-preserved specimen, in which the pigment 
did not happen to be very dense, the cells were seen to 
send down processes towards the inner sensory ends 
of the retinal cells. As these processes were regularly 
arranged, and free from pigment, it was difficult at first 
to decide whether they belonged to the retinal or to 
the pigment cells. We mistook them at first for large 
cilia belonging to the retinal cells. 

It will be seen from the drawings that the retinal 
cells are not all of the same size. The lateral retinae 
are composed of two distinct groups, an anterior group 
of long narrow cells, and a posterior group of short 
thicker cells. The ventral retina is composed solely 
of large thick cells, and the dorsal of two groups of 
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similar large cells, the smaller group placed dorsally 
and slightly anteriorly to the other. 

As already described, a fine branch of the water 
canal, on which this sensory body is suspended, runs 
in towards the angle made by the dorsal and ventral 
retinae. This fine canal is shown in Fig. 2$ and in 
sections 2 and 3, Fig. 27. 

This structure of the median eye seems to be com- 
mon to all the specimens of the differenf species of 
the Apodidae examined by us. In series of sections 
the organ is very likely to be displaced by the tearing 
away of the chitinous tube. On this ground it would 
require a much more extended study to ascertain 
whether arrangements which sometimes appear to be 
characteristic of the organ in the different species 
are not really due to defects in the preservation of the 
animals or in the preparation of the sections. 

Enough has here been said as to the general struc- 
ture to bear out what we maintain — viz., that the 
unpaired eye is no rudimentary organ, but in reality 
a highly developed sensory body playing a most 
important part in the life of the animal. 

Origin. — As to the probable origin of this organ, 
everything points to its having been originally com- 
posed of an anterior pair of eyes on the Annelidan 
prostomium. The two posterior eyes formed the 
paired eyes, the two anterior, which were nearer 
together than the posterior pair, united to form the 
unpaired eye. The evidence in favour of this origin 
seems to us to be overwhelming. 

When the paired eyes travelled into the end of the 
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fold as already described, the anterior pair followed 
them, and also disappeared under the fold, but, 
naturally, nearer the opening. While the paired eyes, 
perhaps with the aid of the water lenses, remained 
functional as eyes, the anterior pair of Annelidan eyes 
seem to have been dragged out of their hypodermal 





Fig. 28. — Diagram to show the origin of the unpaired eye out of two eye-spots, the 
retinae being drawn down to form the lateral retinae of that organ. /, pigment 
cells. The pigment in the eyes is not drawn. 



position, and to have been arranged so as together to 
form the cavity already described. The hypodermis 
cells can still be seen secreting the chitinous membrane 
of the under side of the water-sac. The retinae now 
forming the unpaired eye seem to be connected with 
the original hypodermis only through fine connective 
tissue and pigment strands, similar pigment cells also 
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crowding between the retinae. Fig. 28 is a diagram to 
show the way in which we suppose the unpaired eye 
to have been formed out of a pair of simple hypo- 
dermal eyes. Further investigation must decide 
whether the dorsal and ventral retinae and the larger 
posterior cell groups of the lateral retinae are later 
differentiations of the same two original eyes or new 
developments. In the inner ends of the retinal cells, 
i.e.^ in that part of the cells which points inwards, 
irregular roundish or oval refractive bodies of different 
sizes are found ; these are probably remains of rods or 
rhabdomeres originally secreted by these retinal cells. 

The whole structure of the organ, its apparently 
loose connection with the hypodcrmis, the chitinous 
fold which runs down as a branch from the water-canal 
into its cavity, the occasional occurrence of brown 
eye pigment instead of the olive green connective 
tissue pigment, the nerves of its retinae running 
separately into the brain, all tend to support the 
above view of its origin (cf, also p. 169). 

Further corroboration of this theory of the origin of 
the unpaired eye from the anterior pair of Annelidan 
eyes will be found in the section on Limulus. In that 
animal the anterior Annelidan eyes remain as eyes, but 
are reduced to ocelli, or eyes with one single large cuti- 
cular lens. These ocelli first appear, according to 
Packard, on the ventral surface^ and wander on to the 
dorsal surface in the course of the later development. ^ 
This astonishing fact receives its full explanation if we 

^ We shall also find clear traces of a migration of the eyes in the 
Crustacean Nauplius, § xi. Figs. 36 and 37, p. 158. 
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admit the relationship between Limulus and Apus, 
and deduce them both from the same bent Annelid, in 
which the eyes wander from the prostomium, where 
they are useless as eyes, to a position where they can 
function as such. In Part II. we hope to show that 
the derivation of Apus and that of Limulus from the 
same bent Annelid stand or fall together. 

Function. — As to the function of the unpaired eye, 
we can perhaps with some certainty conclude that in 
Apus at least it regulates the position of the body in 
the water. Its structure out of four sensory retinae at 
once suggests such a function, while further, the loose 
tangle of pigment cells would constitute a body free to 
be acted on by the earth's attraction. The organ is 
perhaps rendered more perfect by the rounded arrange- 
ment of the retinal cells, which thus present many 
different surfaces to appreciate the movement of the 
mass of pigment cells under the action of gravity. 

It is difficult to ascertain for certain whether the 
chitinous canal opens in the cavity of this sensory 
organ or not. If it opens in the cavity to fill it with 
water we should rather expect to find a more definite 
membrane round the whole organ. If, on the other 
hand, it does not open, it may be a structure for 
the appreciation of changes of pressure, i,e.y of 
depth. The end of the tube as shown in Fig. 27 
(2 and 3) is irregular, and in section seems as if it 
might be a loose empty sac. As the outer pressure 
increases, such a fine membranous sac would be the 
first part of the body to feel it, and would commence to 
swell. But such an appreciation of changes of pressure 
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could also no doubt be equally well effected if the 
canal were open, the increase of pressure leading 
to a rush of water into the cavity. Further, whether 
the canal is open at the end or closed, it would serve 
well for enabling the animal to have a rapid perception 
of changes of temperature in the water, the inlet of 
cold water acting at once on the pigment cells. 

We may perhaps find some confirmation of our 
supposition that this sensory body fqlfils various 
functions, in the fact that there are at least two kinds 
of retinal cells. The diagrams in Fig. 27 show not 
only differences in the forms of the cells, but also 
different groupings of the cells. The end of the canal 
is shown close to the posterior groups of short thick 
cells. 

We have thus a comparatively simple but extremely 
useful organ, probably adapted for the immediate 
appreciation of the changes of depth and temperature 
in the medium in which the animal lives, and further 
for regulating its position in the water. The Apodidae 
are, from all accounts, invariably excellent swimmers. 
Keeping the ventral surface of the body uppermost, 
they dive occasionally with great rapidity, rising 
again to skim along just below the surface of the 
water. Some organ to regulate such definite move- 
ments is clearly necessary. 

That this is at least one of the chief functions of the 
organ is rendered probable by its early appearance 
in the Nauplius larva. The powerful rowing limbs of 
this free-swimming larva render some directive body 
necessary ; hence the appearance of this organ along 
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with the rowing limbs, and long before the paired eyes 
are developed or needed. It is also worth noting that 
the unpaired " eye " is especially characteristic of most 
small free-living Crustacea such as the Ostracoda, 
Cladocera, and non-parasitic Copepoda.^ In some of 
these animals the organ probably combines rudi- 
mentary visual with directive sensory functions, the 
visual function being secondarily acquired, as there 
can be little doubt that it has entirely ceased in 
Apus. 

This view of the function of the unpaired eye, by 
explaining its early appearance in the larva, makes it 
unnecessary to suppose that it is, as is generally 
assumed, therefore phylogenetically older than the 
paired eyes. On the other hand, its appearance in the 
larva of all Crustacea rightly leads to the conclusion 
that it was present in the original racial form of the class. 
According to our theory, Apus being the ancestor of 
the majority of the modern Crustacea, the unpaired 
eye appeared for the first time as such in Apus. 

A further and more exact study of this interesting 
organ in Apus, and a comparison of it with the homo- 
logous organs in other Crustaceans or Crustacean 
larvae, is very desirable. It is impossible here to 
follow up the matter further, as it would lead us too 
far from the main subject of the book, which is an 
endeavour to show, how every single organ of Apus 
admits of more or less easy derivation from similar 
or dissimilar organs of a carnivorous Annelid. 

^ Some of the differences between the unpaired eye of Calanella 
described by Grenacher, and that of Apus will be referred to in § XV, 



SECTION VII 
The Alimentary Canal 

Although it is not, as a rule, possible to draw 
any conclusions as to the relationship between animal 
groups from the similarity of their alimentary canals, 
yet the likeness between the digestive tract of the 
Apodidae and that of the Annelida is so striking 
that it must be admitted to be of some weight in 
establishing the relationship which this book seeks to 
prove. Allowing for the bend in the oesophagus, 
the alimentary canal runs straight through the body 
from end to end, and the mid-gut is lined by the 
thread-like ciliated epithelium characteristic of that 
of the Annelida. 

The bending of the first five segments of our 
Annelid, so that the mouth not only lies ventrally 
but faces posteriorly, necessarily led to a bend in the 
alimentary canal, so that, from the mouth, the 
C3esophagus would slope upwards and forwards. We 
find that it has this position in the Apodidae, and 
from the Apodidae it has been handed on to the 



SECT. VII THE ALIMENTARY CANAL 113 

whole class of the Crustacea as one of their most 
cohstant characteristics. It is not easy to imagine a 
simpler or more likely explanation of this extra- 
ordinary bend in the intestinal tract than that here 
given ; and if it is true, its importance for the purposes 
of classification is at once evident. We shall return 
to this subject in the section on the relations of Apus 
to Limulus and to the Trilobites. 

The oesophagus itself corresponds with that of the 
original Annelid, which was probably provided with 
a protrusible pharynx. The loss of this proboscis 
would naturally follow on the adoption of a browsing 
manner of life, and the gradual adaptation of the para- 
podia as instruments for pushing food into the mouth. 
The oesophagus is very muscular, and is provided 
with muscle bands radiating forwards into the fore- 
head, and backwards into the sinewy mass already 
described. These bands serve to dilate it, while its 
powerful circular muscles close it ; when closed it is 
thrown into folds. The dilators may perhaps be the 
remains of the retractors and extensors of the 
pharynx. The oesophagus is lined by a chitinous 
intima and provided with setae which project upwards 
so as to form a fish-trap apparatus. The paired glands 
which open on the under lip close to the mouth (sec 
Fig. 29) will be described in the section (IX.) on the 
excretory and other glands. 

The oesophagus is in Apus comparatively simple, 
but it is easy to see how a part of such a muscular 
apparatus, with its chitinous intima folded, and thrown 
into strong movement by every act of swallowing, 

I 
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might become differentiated into a masticatory 
stomach, such as we find in the higher Crustacea, 
No such differentiation is, however, visible in Apus. 
In Limulus we shall find the chitinous ridges used 
for masticatory purposes in what is called the pro- 
ventriculus, which is homologous with the masticatory 
stomach of the higher Crustacea. 

The oesophagus projects somewhat into the mid- 



ar (hepatii:) branched ciBca, an ihe righl a fiw oi 
acicular glands of Lhe vani^hvl parapodia of Lhc ArsL antennal sei-Qient. 

gut, which is a large sac with lateral diverticula — five 
or six on each side ; these unite, in Apus, to enter 
the mid-gut together (Fig. 29). These diverticula fill 
up the lai^e flat head widened by the ridge run- 
ning round the frontal region, as already described. 
Diverticula of the mid-gut are common among 
Annelids, and serve to increase the digesting surface. 
The diverticula of Apus are especially interesting 
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as showing a perfect transition stage between the 
simple digesting diverticula of the Annelids, and the 
hepato-pancreatic glands of the higher Crustacea. 
In Apus, particles of food are found in all the wider 
parts of the diverticula which, like the rest of the 
mid-gut, are lined with ciliated epithelium. Smaller 
branching invaginations from these diverticula (see 
Fig. 29) contain large glandular cells, which occur in 
great numbers towards their tips. The secretion of 
the glands is no doubt forwarded by the ciliated 
epithelium, which is everywhere present when not 
entirely displaced by the glandular cells. In the 
preserved specimens this secretion formed brown 
crystals. 

In order to turn these digesting diverticula, pro- 
vided with glandular cells at their branched distal 
ends, into the lobate hepato-pancreas of the higher 
Crustacea, we have only to imagine the glandular 
cells increasing so as entirely to displace the ciliated 
digesting epithelium, and the lumen of the diverticula 
themselves narrowed to form glandular ducts. 

In Astacus, where the mid-gut has almost en- 
tirely disappeared, these diverticula are highly deve- 
loped tassel-like hepato-pancreatic glands. Apus 
supplies us with a perfect transition stage, showing 
the origin of these livers out of the digesting diver- 
ticula of the Annelidan mid-gut. 

The epithelium of the mid-gut, like that of the 
diverticula, is composed of minute thread-like cells 
with nuclei near their basal ends. They stand on a 
basal membrane, round which run at short intervals 

I 2 
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fine circular bands of transversely striated muscles. 
We find here a striking resemblance with the mid-gut 
of many carnivorous Annelids. 

The mid-gut passes gradually into the hind-gut ; it 
is very difficult to fix upon the exact place where the 
chitinous intima of the latter commences. In passing 
from one to the other, the muscular layer is more 
and more developed ; the epithelium gradually 
changes, becoming more and more a glandular 
epithelium, with large round glandular cells arranged 
in great numbers, and pouring their contents through 
pores ^ in the chitinous intima into the hind-gut From 
the position of these glands we are fairly safe in con- 
cluding that they are excretory. 

In the anal segment the rectum is attached to the 
body wall by radiating muscles, which act as dilators, 
while the strong circular muscles keep it closed. As 
in the oesophagus, the wall of the rectum is thrown 
into folds, which run longitudinally. The anus is 
situated at the extreme end of the body under the 
caudal plate, v/here such a plate is present, and 
between the caudal cirri or cercopoda. 

- ft 

^ The actual existence of these pores we have not, however, been able 
to demonstrate. 



SECTION VIII 
The Circulatory System 

The actual blood-vessels in Apus are limited to the 
long dorsal vessel or heart. Although, among the 
Annelida, circulatory systems are found of many 
different grades of development, it is not necessary 
to suppose that our original Crustacean-Annelid had 
a very simple blood vascular system, in order to 
account for the above fact. It seems to us probable 
that the development of an exoskeleton, which holds 
the organs in their places, and protects the inner 
parts generally from being squeezed together, renders 
special blood-vessels more or less unnecessary, the 
blood being able to bathe all the organs of the body 
without difficulty. On the other hand, this is not the 
case in a soft-skinned strongly contractile body, such 
for instance as that of the leech, where it is necessary 
to carry special blood streams between the organs 
which are liable to be crowded together. If then our 
original Crustacean-Annelid possessed a highly deve- 
loped blood vascular system, it would naturally, with 
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the development of the exoskeleton, give place to a 
simple lacunar system as sufficient for the needs of 
the body, the only vessel retained being the contrac- 
tile dorsal heart, necessary for propelling the blood 
through this lacunar system. It may be objected 
that the trunk of Apus under the shield has a soft 
skin, and nevertheless the blood system in this part is 
entirely lacunar. The trunk is, however, not very con- 
tractile, and although the blood flows through lacunae, 
there are definite methods of propelling it through 
the intestinal sinus, which will be mentioned later on. 

It is clear, then, that the absence of nearly all true 
blood-vessels from the circulatory system of Apus 
makes any comparison of it with that of an Annelid 
impossible. Apart, however, from the dorsal vessel 
or heart, which is generally recognised as an organ 
derived from Annelidan ancestors, there is, in Apus, 
a slight trace of* a pair of typical Annelidan vessels ; 
these are the short vessels which supply the shell 
glands. (See Fig. 30, p. 125.) They branch off 
from the dorsal vessel on each side, and descend 
towards the dorsal parapodia of the second pair 
of maxillae, to dip under the shell gland. They 
are necessary for conducting the blood into the 
shield in which the coils of the gland lie. They may 
be homologous with a pair of lateral arteries from the 
dorsal vessel of the fifth segment, such as typically 
supply the parapodia and sides of the body in a 
carnivorous Annelid. 

Attention must be drawn to the tapering away of 
the heart to a point towards the posterior end of the 
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body. This is in keeping with our general explanation 
of the morphology of the body of Apus. As we go 
from before backwards, the organs are less and less 
developed, the limbs are more and more rudimentary, 
and the musculature less and less specialised ; the 
nervous system ceases where the rudimentary limbs 
cease, and the genital organs gradually diminish in 
size and development The heart is no exception ; it 
tapers away in about the tenth or eleventh segment 
into a point, not being developed in the more larval 
segments which come behind. 

We may also perhaps mention that the blood in 
many, if not in all Apodidae is coloured red, as is the 
case in many Annelids. The direction of the blood 
through the body is the same as in the Annelids — 
dorsally from behind forwards, ventrally from ^before 
backwards. On its way back through the intestinal 
sinus, which will be presently described, it streams out 
ventrally through fenestrae in the membrane which 
forms the sinus. (See Fig. 14, w, p. 59.) It is thus 
enabled to stream over the ventral cord, and then 
outwards on each side along the ventral side of each 
limb. At the end of the limb it turns round to run 
back along its dorsal edge and thus passes through 
the gills. It passes up thence through the lateral 
dermo-muscular sinus of each segment into the peri- 
cardial sinus, and thence through the ostia into the 
heart.^ 

We have now to try and trace the origin of the 

^ As this account differs from that of Zaddach, a fuller description 
with illustrations will be given in Appendix III. p. 296, 
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lacunar system of Apus more in detail. Its main 
features are very simple, and in this respect it shows 
a primitive character. In the main it may be said to 
consist of but one membrane, forming a tube which 
runs from the anterior end of the first trunk segment 
(wh&re it is attached all round to the body wall) to 
the end of the body. This membranous tube sur- 
rounds the intestine and genital glands, while between 
it and the body wall lie the heart, the ventral cord, 
and all the musculature, except the dorso-ventral 
bands which run between the intestine and the genital 
glands. (See Fig. 14, p. 59 ; cf, also Fig. 66, p. 297.) 
The membrane is attached to the body wall, at least 
in the first eleven trunk segments, by segmental dis- 
sepiments, which correspond with the segmental con- 
strictions of the body. These dissepiments extend 
dorsally to the points of attachment of the dorso- 
ventral muscles, which raise up the membrane in 
conical folds. Between these dorso-ventral muscle 
rows the membrane hangs free of the dorsal body wall, 
thus forming the cardial sinus, in which the heart is 
expanded by an arrangement of connective tissue 
fibres. 

In trying to trace the origin of this membrane and 
these dissepiments (see Fig. 67, j, p. 298) from the 
internal organs of the original Annelid, we naturally 
begin with the latter, as reminding us at once of the 
Annelidan septa. Are they the remains of such 
septa ? The answer depends on the interpretation we 
give to the membrane forming the intestinal sinus. 

Glancing at the membrane then as a whole, as a 
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tube running through the whole trunk outside of the 
dermal musculature, and containing the intestine and 
the genital glands, its origin is at once suggested to 
us. It appears to be the parietal layer of the ccelom 
epithelium of the original Annelid, loosened from the 
body wall except at certain definite points, viz., 
where it is in contact with the ventral muscle bands, 
and laterally along the segmental constrictions, where 
it remains attached by means of the septa above men- 
tioned, /each of which extends dorsally as far as the 
point of attachment of the dorso-ventral muscle 
bands. (See Figs. 66y p. 297, and 67, p. 298.) 

In this way we should at once get just such an 
intestinal sinus as we find in Apus, viz., a membra- 
nous tube lying just inside of the dermal musculature, 
the transverse dorso-ventral muscles being almost the 
only muscles found within the tube. Indeed the rela- 
tion of the membrane to these muscle bands seems to 
support this view, for where these are attached to the 
dorsal surface, the membrane itself is raised up into 
conical folds in the manner illustrated in the diagram 
(Figs. 14, p. 59, and 66,/). This certainly looks as if 
the membrane had, as it were, fallen away from the 
integument. If this view is correct, the intestinal 
sinus corresponds with the body cavity of the original 
Annelid, and the dermo-muscular sinus of each seg- 
ment is a new formation caused by the loosening of 
the epithelium from the body wall. 

The dissepiments themselves may be folds of this 
membrane grown together. If so, these partial dis- 
sepiments must have been secondarily acquired, after 
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the original Annelidan dissepiments had disappeared. 
There is no great difficulty nor, indeed, improbabi- 
lity in such a supposition. We may indeed find in 
these dissepimental folds, attaching the membrane 
to the body wall, traces of the former presence of 
the old Annelidan septa, which may have originally 
run in between the folds just as the transverse dorso- 
ventral muscles run up into the conical folds of the 
membrane, as already described and marked / in the 
figures. 

If this latter view is correct, we then explain the 
origin of the lacunar system of Apus by the loosening 
of the coelom epithelium from the heart and from the 
dorsal surface in the immediate neighbourhood of the 
heart so as to form the longitudinal cardial sinus. 
On each side of this sinus laterally it remains attached 
to the intersegmental folds, being loosened, however, 
from the segmental walls, so as to form the lateral 
segmental dcrmo-muscular sinuses, which conduct the 
blood from the gills to the cardial sinus. 

The separate stages by which this lacunar system 
took the place of a blood vascular system, are not 
difficult to imagine. The first step in the transforma- 
tion would be the gradual degeneration of the separate 
blood-vessels and the consequent mingling of the 
blood with the body fluid or lymph. The disappear- 
ance of the vessels supplying the dermal musculature, 
and the general diffusion of haemolymph between 
the integument and the ccelom epithelium might 
very easily lead to the loosening of the latter from 
the integumental musculature, excepting along 
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the intersegmental folds, across which the dermal 
blood-vessels of the original Annelid did not run (?). 
These two modifications, (i) the degeneration of the 
blood-vessels, and (2) the loosening of the peritoneum 
from the body walls, are all that is needed to produce 
the lacunar system of Apus from the blood vascular 
system of an Annelid. 

The contrast between the circulatory systems of 
the Annelida and of the Apodidae does not therefore 
stand in the way of the acceptance of our theory of 
their close relationship. Apart from the well-known 
fact that, among the Invertebrata at least, blood 
vascular systems have little morphological value, we 
have here shown how simply the lacunar system of 
Apus can be deduced from the blood vascular system 
of an Annelid. 

We reserve any further discussion of the coelom 
epithelium, a part of which has been here used up in 
the formation of the lacunar system, till we come to 
the genital glands, when we shall again see what an 
important part it has played in transforming the 
Annelid into the Crustacean. (See further p. 169 and 
Appendix III.) 
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SECTION IX 
Excretory and Other Glands 

T/ie Shell gland, — THE most conspicuous glands 
of the Apodidae, the long coils of which are seen in 
the shield, one on each side of the middle line, are 
known as the shell glands. These are generally 
homologised with the Annelidan nephridia. 

From Figs, i and 2 it will be seen that we have 
assumed that the acicular gland of the dorsal para- 
podium of the fifth segment became excretory, and 
grew into the growing shell fold, thus forming the 
shell gland. The position of its external opening, at 
the tip of the dorsal branch of the second maxilla, 
agrees exactly with this supposition. The distal end 
of it is a chitin-lined sac running through the shaft 
of this limb.^ The proximal end of the gland has 
grown into the shield, and is of great length, being 
folded six times upon itself That the inner part of 
the gland has grown upwards, and the limb bent 
downwards, can be seen by the course of the duct of 

^ See Appendix IV. for the finer structure of the gland. 
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the gland which, on leaving the shell fold, makes a 
sudden sharp bend downwards. We thus consider 
this shell gland as a striking link between our Annelid 
and Apus. The mesoblastic origin of the urinary- 
canal may mean that this section of the gland is a 



Fio. 30.— Diaerain af the ihell gland, h, the heart ; ac. the aorta cephalica. The 
bJDod ia diairihuted to the gland through a special vessel on each f^de. tt, 
terminal saccule; Hf, urinary canal; b, chitin-liued bladder in theshafr of the 
dorsal parapodium of (he fnd maxilla (m), homologous frith the orit-ioal 
Ktiparous gland of (he Annelid. 

new formation,— -the bladder alone representing the 
acicular gland. 

This homology of the Crustacean shell gland with 
the acicular gland of the fifth parapodium of the 
Annelid, naturally leads us to ask whether the acicular 
gland of any other of the head limbs has been pre- 
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served. The mandibles and first maxillae have lost 
their dorsal parapodia almost entirely, and with them 
all traces of setiparous glands. The antennae, how- 
ever, are in this respect especially interesting. We 
have homologised them with the sensory cirri of the 
vanished or rudimentary dorsal parapodia of the first 
two segments. The acicular "glands of both, however, 
have apparently been preserved in the Crustacea. 

The Acicular gland of the first segment. — There is 
a pair of glands (salivary ?) opening near the entrance 
of the oesophagus (Fig. 29, p. 114). We think 
that these belong almost certainly to the first 
antennae ; ^ they open together in a small transverse 

^ We were at first inclined to think that these "salivary " glands were 
the acicular glands of the parapodia of the second antennje, there being 
no antennal glands in Apus. Their opening in the mouth could then 
be explained as follows : — When the Annelid first took to browsing, its 
ventral parapodia near the mouth would not as yet have developed 
teeth. The acicula of the antennal parapodia might then have been 
used as piercers and killers of prey. They would thus be turned inwards 
towards the opening of the mouth, where their glands might persist as 
salivary glands after the development of the ventral parapodia of the 
third and fourth segments into jaws and maxillae had rendered the 
acicula useless as teeth. It seemed to us more likely that the acicula 
of the parapodia of the second segment would be so used, than that the 
acicula of the vanished parapodia of the first segment should redevelop 
for that purpose. We have to choose then between the following : 

(i) These salivary glands are the acicular glands of the parapodia of 
the second antennae, the acicula themselves having once functioned as 
teeth ; this homologises them with the typical antennal glands of the 
Crustacea. 

(2) They are the acicular glands of the vanished parapodia of the first 
antennae which had redeveloped their acicula as teeth. 

(3) They are the acicular glands of the vanished parapodia of the first 
antennae which, as glands^ need never have disappeared. While we 
think the oral position of the opening of the glands is better explained 
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fissure on the inner side of the under lip, almost 
within the mouth. Their whole structure indicates 
that they are acicular glands. The ducts are long 
chitinous tubes which lead to a chitin-lined sac with 
a very fine epithelium, their proximal ends being 
attached to the body wall by muscle bands just as 
are the setiparous sacs in the Annelids. The figure 
shows the course of these long glands. What the 
exact function of the two glands, opening together in 
the mouth, may be, it is impossible to say. In all 
preparations they are found to be strongly contracted, 
so that the chitin-lined lumen is to be seen only with 
difficulty. 

These " salivary " glands, developed out of acicular 
glands, are especially interesting as compared with the 
salivary glands of Peripatus, which have been shown 
to be transformed nephridia. In both cases the 
openings of the glands have united in the middle line. 
In both cases we have to assume that, the acicula or 
the secretions of their glands on the one hand, the 
excretion from the nephridia on the other, assisted the 
jaws in their alimental functions as the first step 
towards their differentiation into salivary glands. 

TJie Acicular gland of the antennal parapodia or 
Antennal gland. — In Apus we could find no certain 
trace of an antennal gland at the base of the second 
antennae ; a slight indentation on the basal swelling 
seemed, however, to indicate that there had been 

by the early use of the acicula as teeth, which would make our choice 
fall between I and 2, we think the last view is the most probable, 
although we do not reject the second alternative. 
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an opening. Its redevelopment in the higher Crus- 
tacea is paralleled by the redevelopment of the 
dorsal parapodia of the mandibles, although the 
latter had disappeared in Apus. It is a well-known 
principle that organs which have disappeared may 
reappear in the descendants of those who have learnt 
to dispense with them. 

The absence of the antennal gland in Apus is 
perhaps to be explained by the enormous size of the 
shell gland. In one specinlen of L. Spitzbergensis, 
1 1 mm. long to the tip of the caudal plate, the coils of 
the shell gland on each side measured over 25 mm. 
Such an enormous gland would no doubt be able to 
undertake the greater part of the excretion of the 
body. 

We have thus, in the Crustacea, three setiparous 
glands preserved in the head : the salivary (i^) gland 
of the first antennae (in Apus at least), the antennal 
gland, and the shell gland of the second maxillae. 

The antennal glands as well as the shell glands are 
generally homologised with the Annelidan nephridia. 
From the foregoing account of the origin of these 
glands we repeat the following points, which must 
render such a homology improbable. 

(i) The position of the external opening is on 
the dorsal parapodium, — an unlikely place for the 
opening of a nephridium, but, on the other hand, 
quite a proper place for the opening of an acicular 
gland. 

(2) The structure of the glands as we find them (in 
Apus at least) is exactly that of setiparous glands. 
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A long chitin-lined duct opens into a similarly lined 
vesicle. 

(3) In the " salivary " gland the chitinous sac ends 
blindly, the end being fastened by muscle bands to 
the body wall, exactly as is a setiparous gland of the 
Annulata. In the shell gland, however, the sac or 
bladder is continued into a long coiled urinary canal.^ 
The position of this urinary canal in the dorsal fold, 
and the finer structure of its walls, seem to indicate 
that at least this part of the gland is a new formation. 
It in no sense reminds one of an Annelidan nephri- 
dium. 

(4) These arguments are especially strong if the 
rest of our argument holds good, viz., that Apus is 
but a slightly transformed Annelid, or, indeed, if 
we only claim what is often admitted, that the 
Phyllopods stand nearest the racial form of the Crus- 
taceans. If even this latter alone is the case, the 
shell gland of Apus, if a true nephridium, should 
show more likeness to a nephridium than do the 
shell glands of the higher Crustacea, which have 
departed further from the Annelidan type. We 
should expect the shell gland in Apus to be a 
transition form between the Annelidan nephridium 
and the Crustacean shell gland, just as we found the 
" liver " of Apus to be a true transition form between 
an ordinary digesting diverticulum such as is common 
among the Annelida, and the purely glandular hepato- 

^ Grobben says that the whole canal in the antennal gland of Mysis is 
lined with a chitinous cuticle. In Apus, however, the intima ceases 
with the bladder. 

K 
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pancreas of the higher Crustacea. But this is 
certainly not the case. Neither in position nor in 
structure do the glands remind one of Annulatan 
nephridia, but, on the other hand, they correspond in 
a most remarkable manner with the acicular glands 
of the Annelidan parapodia. 

(S) We further assume that the habit of browsing 
of the bent Annelid was originally acquired by the 
adult animals, in which the nephridia in the anterior 
segments have generally disappeared in the course 
of development ; so that Apus, which represents 
such a browsing Annelid, would probably have no 
nephridia in the anterior or head segments. In the 
trunk segments, on the other hand, we shall find 
abundant traces of nephridia. 

These considerations, which, taken singly, do not 
possess much weight, taken all together make the 
nephridial origin of these glands very improbable 
compared with that which we here attribute to them. 

Setiparous glands on the trunk segments are hardly 
to be expected ; the dorsal parapodia are developed 
into complicated limbs covered with setae, and the 
ventral parapodia are also thickly beset with setae of 
different kinds. We have succeeded, however, in 
finding two such glands on the same limb in one 
specimen of Apus cancriformis (see Fig. 31). We 
could find no similar glands on the gnathobase or 
ventral parapodium of the corresponding limb of the 
same segment, and only on one other limb. Perhaps 
further search would reveal more, but it is certain 
that these glands occur quite irregularly. We arc 
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inclined to consider them as occasional abnormal 
returns to the Annelidan method of developing the 
setae (see pp. S^y SS), When such an abnormal 
setiparous sac does occur, it would in all probability 
be utilised for excretory purposes. Chitin itself is 
probably an excretory product, utilised for protective 
purposes. 






Fig. 3z. — Part of a section through the gnathobase of Apus mentioned in the text 
(p. 130), showing an abnormal reappearance of a setiparous gland containing 
a brown secretion, n, the nerves to the hairs ; those to the feathered hairs send 
a fibre into each barb and possess small groups of ganglion cells. 

This irregular appearance in Apus of glands so 
obviously homologous with the setiparous glands of 
the Annelida, as an occasional abnormal return to a 
former method of developing setae, establishes beyond 
all contradiction the usual homology of the leg or 
eoxal glands of the Crustacea with the setiparous 
glands of the Annelida. 

K 2 
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Having so far considered the typical Crustacean 
glands, the antennal, shell, and leg glands, and 
homologised them with setiparous glands of the 
original Annelid, it is necessary, in order to establish 
the close relationship which we maintain exists 
between Apus and the Annelida, to discuss the 
typical excretory organs of the latter (/>., the 
nephridia), and to endeavour to discover their fate 
during the transformation of the Annelid into the 
Crustacean. 

Professor Haeckel, in the last edition of his Natural 
History of Creation^ characterises the Crustacea as 
segmented animals without nephridia, and the worms 
as segmented animals with segmental organs or 
nephridia, the presence or absence of these latter 
being the chief characteristic difference. The stress 
here laid by so distinguished a zoologist upon the 
nephridia as a class characteristic renders it doubly 
necessary either to find the nephridia in Apus — our 
primitive Crustacean— or to give some probable 
explanation of their absence. Although no expla- 
nation of the absence of nephridia was immediately 
evident, we were convinced that it would some day 
be found. We would not allow that the difficulty 
of finding a set of organs in Apus to homologise 
with another set in the Annelida — though no doubt 
serious — could destroy the value of the mass of 
evidence already obtained as to the relation of 
Apus to the Annelids. This reasoning is further 
especially applicable in the case of the Annelidan 

^ Ed. viii. 1 89 1, p. 570. 
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nephridia, whose arrangement in the Annelids them- 
selves is always very variable. 

It at first appeared possible that the absence of 
nephridia in Apus could be explained by assuming that 
in the original Crustacean- Annelid they were developed 
more in the posterior segments (which is in fact often 
the case), and that these segments do not attain deve- 
lopment in Apus, the enormous shell gland sufficing 
for the removal of waste products from the blood. 
The weakness of this argument is at once obvious. 
It is only when all the segments are fairly well 
developed that the permanent nephridia are limited 
to the posterior segments. Nephridia or their rudi- 
ments are, as a rule, to be found at one time or 
another in the course of development in all the seg- 
ments. As the posterior segments attain develop- 
ment, the nephridia in the anterior segments often 
disappear. Nephridia ought therefore certainly to be 
found in the developed segments of the trunk of 
Apus, and rudiments of nephridia in the larval 
segments of which the posterior part of the 
trunk of Apus is composed. Fortunately, we 
are not driven to take refuge in such a doubtful 
explanation. 

Knowing, on the one hand, that there are no true 
nephridia in Apus, and on the other that in the carni- 
vorous Annelids the nephridia are often the ducts for 
the transmission of the sexual products, we naturally 
tried to overcome the difficulty by the aid of the 
genital glands. The study of these glands soon 
yielded the desired clue. We have then here some- 
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what to anticipate a description of the genital 
glands. 

These glands are segmental tubes running dorso- 
ventrally on each side of the intestine, inside the 
intestinal blood sinus. They are separated from the 
intestine only by the incomplete longitudinal dissepi- 
ments formed by the dorso-ventral muscle bands 
described above. The genital tubes commence in the 
first trunk segment, but become gradually shorter and 
shorter till they are quite rudimentary in the larval 
segments of the abdomen ; they cease to be deve- 
loped at all some distance before reaching the last 
limb-bearing segment. These segmental tubes are 
branched at each end. At the tips of the branches 
eggs develop which are found projecting, not into 
the tube, but into the body cavity^ as will be more 
minutely described in the next section ; it is, how- 
ever, important for our argument to mention the fact 
here. 

All the segmental genital tubes on each side arc 
connected together by a longitudinal canal which runs 
through them all, and acts both as oviduct and shell- 
or rather shell-secreting gland (see Fig. 32), so that 
eggs coming dorsally and ventrally from the ends of 
the branches meet in the middle, and then travel 
along the longitudinal canal to near the middle of 
its course, where a descending canal leads to the 
exterior. 

The question is. Can these organs reveal anything 
about the vanished nephridia ? It is obvious that 
they are not themselves the nephridia ; they are 
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simply tubes formed out of the germ-bearing epithe- 
lium. When we turn to the carnivorous Annelids, 
we find that the germ-bearing epithelium is simply 
the coelom epithelium which covers all the internal 
organs including the nephridia ; the eggs project from 
this epithelium into the body cavity, and, falling off, 
ripen in the body fluid (see Fig. 1 1, p. 54) to find 
their way out through the nephridia. When we com- 
pare this process with what takes place in Apus, we 
find in the latter an epithelium from which the eggs pro- 
ject into the body cavity. (See Fig. 33, p. 144.) Is not 
this epithelium homologous with the Annelidan coelom 
epithelium ? Instead, however, of dropping off into 
the body cavity, the eggs are drawn back through the 
epithelium and find their way out through the canals 
formed by this coelom epithelium. Are not these 
canals, then, in some way, the homologues of the 
Annelidan nephridia } To the first of the above 
questions we give an affirmative, to the second a 
negative answer ; but we arrive at the conclusion that 
the germ epithelium is the origvial ccelom epit/ielium 
which covered the nephridia^ and that the canals 
which it now forms once contained the nephridial 
canals through which the eggs found their way to the 
exterior. In course of time, the nephridial canals 
ceased to have any excretory function owing to the 
sufficiency of the shell gland, and disappeared, leaving 
only their coverings of coelom epithelium, which, in 
proportion as the canals degenerated, itself developed 
into thie pronounced epithelium of the genital glands. 
The development of the longitudinal canal also out of 
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the ccelom epithelium presents no difficulty, as this 
epithelium, on the degeneration of the Annelidan septa, 
would naturally form such a continuous membrane 
through all the segments of the body. The dis- 
appearance of all the nephridial apertures except the 
one between the tenth and eleventh segments is a 
further very natural specialisation. 

In summing up the arguments here used in favour 
of this account of the disappearance of the nephridia 
in Apus, we have to notice the following points : — 

(i) The eggs which develop out of the epithelium 
of the genital glands project, as in the Annelida, into 
the body cavity and not into the cavity of the genital 
glands themselves, as one would naturally have ex- 
pected. This epithelium, then, is a part of the original 
coelom epithelium of the Annelid. 

(2) The eggs pass again through the epithelium, 
and travel down the canal formed by it ; this canal has 
therefore probably taken the place of the nephridial 
canal which it once covered as ccelom epithelium. 

(3) We have to call attention not only to the 
segmental arrangement of the organs, but to the fact 
that there is a pair in each segment except in the 
most rudimentary ; both of these facts agree with 
what we know of the typical development of nephri- 
dia in each segment of the Annelida. 

(4) The position of these genital organs be- 
tween the dorso-ventral muscle dissepiments and the 
body wall agrees exactly with that of the nephridia 
of the carnivorous Annelids, which lie in the lateral 
chambers of the body (see Fig. 11, p. 54). 
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(5) The position of the only aperture which re- 
mains agrees well with the position of the opening 
of the Annelidan nephridium, i,e.^ it lies laterally on 
the ventral surface. The fact that, in Apus, it comes 
between two consecutive limbs is due to the. bending 
round of the parapodial limbs towards the ventral 
middle line as already described (see § on Append- 
ages). 

(6) The genital aperture does not always remain 
in the same segment in the Crustacea ; it differs even 
in the males and females of the same species. 

(7) Lastly, we have to add the fact that the genital 
ducts have been generally recognised as homologous 
with Annelidan nephridia. 

We thus believe that though the nephridia are ab- 
sent in Apus, we have found sufficient traces of their 
having been once present in the typical manner, one 
pair in each segment, functioning, as they do typically 
in Annelids, as ducts for the transmission of the sexual 
products. The great development of the shell gland 
rendering the excretory functions unnecessary, there 
remained only the secondary function of conduct- 
ing the sexual products out of the body. As this 
could be done equally well by simple tubes formed 
out of the covering of ccelom epithelium, these latter 
alone have been retained, preserving, however, the seg- 
mental arrangement and the position of the nephridia 
which they had at one time clothed. 

These considerations seem sufficient not only to 
remove the difficulty caused by the absence of ne- 
phridia in Apus, but even to strengthen the evidence 
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in support of our main argument ; they not only- 
remove a difficulty, but bear positive testimony to the 
truth of our theory. Those who, however, may think 
this view of the disappearance of the Annelidan ne- 
phridia (with the exception of their peritoneal cover- 
ings) far-fetched, should remember that the weight of 
all the positive evidence brought forward as to the 
relationship of Apus and the Annelida is only really 
diminished if we cannot show that a difficulty is sur- 
mountable. It is by no means necessary for our 
argument either to remove all difficulties so long as 
they are not positive contradictions, or to state exactly 
how such and such a transformation came about, but 
only to show that such transformations are not incon- 
ceivable. We believe, however, that in this case we 
have not only shown this, but more, viz. that the pro- 
cess of the disappearance of the nephridia was what 
we have described. 

We have now dealt with the principal glands of the 
Crustacea and of the Annelida. We have deduced 
the Crustacean glands from the Annelidan setiparous 
glands, and followed the Annelidan nephridia in their 
transformation into Crustacean genital glands. 

Of the typical dermal glands of the Annelida we 
have found no trace in Apus (except in the dorsal 
organ, see below and Appendix IV). The hypodermis 
is very thin, and seems to be entirely taken up in 
secreting the cuticle in its gradual transformation 
into an exoskeleton. 

There are very numerous glandular cells in the 
hind-gut, which have already been mentioned in 
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§ vii., where we stated that from their position 
they were almost certainly excretory. 

The glands at the tips of the diverticula of the mid- 
gut were also mentioned in the same section, and 
were interesting as forming with the diverticula a 
striking transition between the digesting diverticula 
of the Annelids and the hepato-pancreas of the higher 
Crustacea. 

The white oval spot, or dorsal organ, behind 
the eyes in Apus we at first thought to be the 
remains of an Annelidan frontal cirrus such as that 
shown in Fig. i. It appears to be an island of dermal 
glandular cells, the last remains of the Annelidan 
dermal glands, which the thickening exoskeleton 
probably rendered impracticable. This organ will 
be described in detail in Appendix IV. It offers 
indirect support to our theory of the Annelidan origin 
of Apus. 



SECTION X 
Reproduction 

The carnivorous Annelids are mostly sexually 
separate. The same was originally the case with 
the Apodidae, which are now, however, mostly 
hermaphrodite (see Appendix V.). Males, generally 
smaller than the females, have been found at intervals 
in the best known species, and these seem to suffice 
for occasional cross fertilisation. 

The sexual elements of the Annelids frequently 
develop out of the coelom epithelium (sec Fig. ii, p. 
54), and then, falling off, ripen in the body fluid. 
They are discharged through the nephridia, which 
may or may not be specially modified into sexual 
i ducts. 

j In the section on the excretory glands, we have 

j already briefly described the sexual glands in the 

I Apodidae. We have here, then, only to describe the 

' process of formation of the sexual products some- 

what more minutely. We repeat, however, for the sake 
of clearness what was said above. . Thegenital glands 
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are segmental tubes connected by a longitudinal canal 
which acts as a common duct for all the glands. 
These latter are branched dorsally and ventrally. 
The branching is very rich in A. cancriformis and L. 
productus, and in L. glacialis more so than in L. 
Spitzbergensis. We failed to find that the branches of 
the genital glands in one segment anastomosed with 
those in others, so as to form the network figured by 
Zaddach ; but we see no reason why such anasto- 
moses may not sometimes take place. 




Fig. 32. — Diagram of a somewhat simplified genital tube of L. Spiitbergensis or 

Clacialis, the dorso-ventral segmental tubes only slightly branched, a, aperture 
etween the loth and zzth segments ; /, the rudimentary ^art, i.e. the part 
which lies in the posterior rudimentary segments, in which in this species the 
epithelium breaks up into sperm cells filling up the whole lumen of the tube. 



Although there is no apparent difference between 
the epithelium of the longitudinal canal and that 
of the sexual glands, it is useful to consider the 
two apart. They are both, as we have seen, formed 
out of the peritoneal epithelium, and besides having 
the same origin, they have the same function, viz., to 
secrete the slime which hardens in the brood pouch to 
form a covering for the eggs. 

It is of considerable importance for us to note first 
of all that the sexual glands are segmentally arranged 
in Apus. This, as far as we know, is not the case in 
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any other Crustacean, and is in itself evidence of 
the primitive or Annelidan character of Apus. The 
gradual simplification of the glands from before back- 
wards towards the less developed segments is also 
significant. The many-segmented ancestors of Apus 
developed sexual products in every or nearly every 
segment. 

In the section on excretion we have already traced 
back the epithelium forming the sexual glands to the 
coelom epithelium of the original Annelid, and to that 
special part of the epithelium which covered the 
nephridia. The nephridial tubes themselves have 
entirely disappeared, having probably been rendered 
useless by the great size and physiological efficiency 
of the shell glands. Their peritoneal coverings, how- 
ever, have remained as the sexual glands. The eggs 
develop out of this epithelium, not projecting into the 
lumen of the gland, but outwards, so that they bulge 
out into the body cavity. This agrees with what 
takes place in many Polychaetan Annelids ; the eggs 
develop out of the peritoneum, and apparently out of 
any part of the same, drop off into the body cavity, 
and are emptied out through the nephridia. In Apus 
slight changes have taken place : the eggs develop 
towards the body cavity out of the peritoneal covering 
of the vanished nephridia : they do not, however, drop 
off, but pass through the epithelium again, to pass out 
through the tube formed by this epithelium, just as 
they at one time no doubt passed out through the 
nephridial tubes. When we consider the great size 
of the eggs owing to the accumulation of the yolk, it 
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IS apparent that the vanishing of these nephridial 
tubes could be nothing but pure gain ; the simpler 
and the less differentiated the duct which they have 
to stretch in passing out, the better. 

The eggs appear to develop out of indifferent 
epithelial cells at the dorsal and ventral tips of the 
genital glands. Their very first stages we have, how- 
ever, not been able to trace. They are first recognis- 
able as small groups of four cells with large nuclei 
(see Fig. 33), embedded among the undifferentiated 
epithelial cells. The nuclei show characteristic 
differences from the first stage at which we have found 
them. One is clear and round, with one or at the 
most two germinal spots ; the other three are slightly 
larger and quite full of irregular deeply stained 
granules. The former is the nucleus of the future 
eggf the latter are the nuclei of the nutritive 
cells. 

The four cells grow together in one compact mass 
to a great size, the partitioning membranes being, 
however, traceable. They bulge out the membrane of 
the genital tube into the body cavity. In successful 
preparations, fine nuclei of a tesselated follicular 
epithelium can be found between the eggs and this 
membrane (Fig. 33, n). When the egg has been dis- 
charged down the branch into the genital tube, the 
locus of the egg is found as a small shrunken bag full 
of minute round bodies which are. doubtless these 
follicle cells thrown off by the shrinking of the mem- 
brane (Fig. 33,6). This epithelium then apparently 
plays no very important part, unless, in some way, it 
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brings about the contraction of the membrane for the 
discharge of the eggs. 

The nuclei of the nutritive cells grow to an enor- 
mous size, and clearly play the chief part in absorbing 
material for the formation of the yolk. When the 
egg is ripe, these nuclei come to the surface and 
gradually disappear. 



FiG' ^1. — E^gaatdiflcKne stttges. la stage i the definiLivc tga nuclctut ia already 

eventually di&appear. la s the yolk discs fill the whole eeK. making the nucleus 
difficult tt> see. At 6 an czg has been dwharetd ; Iht fmlicular tnembrane has 
shrunk, iti contents being probably dL^lodged epithelial cells, i, teitcs as 
occasionally found (r.f. in^. (aHCr^prniij) ; n, nuclei of follicnlar eidlbelium. 

The egg, in its passage down the genital tube and 
along the longitudinal oviduct, gets covered with a 
slimy substance yielded by the deep club-shaped 
epithelial cells. This substance hardens into a shell 
for the protection of the egg, a shell which, as Von 
Siebold remarks, looks as if made of hardened foam. 
The eggs pass out between the loth and nth pairs of 
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limbs into the brood pouch formed by a modification 
of these limbs. 

The external aperture of the genital ducts corre- 
sponds well, as has already been pointed out, with one 
of the' apertures of the nephridia of the original Crus- 
tacean-Annelid. This view, which is now generally 
accepted among zoologists, is supported by the fact 
that, among the higher Crustacea, the position of the 
apertures is not always constant, i.e, they do not always 
occur on the same segment or segments. Indeed, the 
male and female apertures may occur on different 
segments in the same species ie.g, in the Crayfish). 
While there is variation in this point, there is con- 
siderable constancy in the position of the openings 
relatively to the ventral middle line of the body. 
Both these points are important in homologising the 
genital apertures of the Crustacea with the nephridial 
apertures of the Annelida. 

Many if not all of the Apodidae are now, as was 
before stated, hermaphrodite. The small oval sperm 
cells form out of the epithelium of the genital tubes 
in the manner illustrated (Fig. 33, /). In some species ^ 
the whole of the epithelium at the extreme posterior 
end of the genital tube breaks up into sperm cells. 

The sperm cells of the Polychaeta are always (J) 
thread-like, while those of Apus are round or oval : 
this is no doubt a secondary modification. But 
the round form of the sperm cells in Apus may 
perhaps be the starting point for the many peculiar 
shapes found among the higher Crustacea. Other 

* Z. glacialis and Z. Spitzbergensis^ see Fig. 32. 

L 
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groups again {e.g. the Cirripedia) have returned to, 
or retained, the threadrshaped spermatozoa of the 
Annelida. 

In the development of the eggs and of the sperm 
here described, we find but little positive evidence of 
the relationship which we seek to establish. But we 
must again repeat that it is enough for our argument 
if nothing actually contradicts it. It rests upon an 
accumulation of homologies which are hardly to be de- 
nied, some of which, indeed, have long been recognised 
though never before carried out in detail. It is enough 
if we show how the other parts of the organisation 
of Apus can be deduced from organs of an Annelid. 

With regard to the origin of the sexual products, we 
have shown more than this. We have drawn attention 
to at least one point in which Apus agrees with the 
Annelid, and that is, in the development of the egg, not 
into the genital tube, which did not exist in the 
Annelid, but. into the body cavity. The point may 
seem to be a small one, but every one who has worked 
out the anatomy of Apus will, we are sure, have been at 
once struck by the fact, that although the genital glands 
are large and extensible, yet the eggs bud outwards 
and not inwards. It was this striking method of 
development of the eggs which first led us to homo- 
logise the epithelium of the genital tubes with the 
coelom epithelium of the Annelida. 

The egg, as already described, consists of one egg- 
cell and three nutritive cells. As the nutritive cells are 
probably modified egg-cells, the eggs of the original 
Crustacean-Annelid may have developed out of its 
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coelom epithelium in small groups. So also the small 
bulgings in the epithelium in which the sperm-cells 
develop may be considered to represent small pustules 
containing sperm in the peritoneal wall of an Annelid 
(see Fig. 33, /), but in this case the organs which 
this wall originally covered, i.e. the nephridia, have 
disappeared. 

Lastly, we repeat the fact, that in no other Crus- 
tacean are the sexual glands segmentally arranged ; 
one pair in each developed segment, and rudiments 
in the more developed of the rudimentary segments. 
The value of this fact for our argument can hardly be 
over-estimated. 
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SECTION XI 

Development 

the nauplius 

Out of the egg of Apus is hatched the well-known 
Crustacean larva the Nauplius, which, with certain 
characteristic differences for each group, occurs in all 
essential points the same throughout the whole class. 
The general likeness of the adult Apus to the 
Nauplius has, as already mentioned, been pointed 
out by earlier observers. This likeness, from our 
point of view, is very easily explained ; Apus being 
the primitive Crustacean, or at least one of the 
primitive Crustaceans, the Nauplius is simply the 
young Apus, the adult developing gradually out of 
the larva without any metamorphosis worth men- 
tioning (see Figs. 34, 39, and 41). Thus the 
Nauplius larva of other Crustaceans is simply the 
Apus-stage in their development. We repeat this, 
not as a conclusion only, but in order to use it as 
an argument in support of the theory set forth in 
this book. 



J 
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The fact that a Nauplius stage is passed through 
by so many Crustaceans — by all, indeed, where the 
larva is not hatched out at a higher stage of develop- 
ment than the Nauplius, has received great attention. 
It led the older naturalists to assume that the primi- 
tive Crustacean must have been an animal like a 
Nauplius. This view has, however, generally been 
given up, on the ground that no such conclusion 
can be drawn from a free-swimming larva which 
is certainly much modified to suit its own special 
mode of life as larva. The whole argument of this 
book has, nevertheless, brought us back somewhat to 
the old view, t.e. that the primitive Crustacean was 
a Nauplius-like animal, viz., an Apus. At the same 
time, the modern objections were largely justified, for 
the Nauplius is only a larval form of the primitive 
Crustacean, in some respects comparable with, but 
much more advanced than, the Trochophoran larva 
of the Annelids, showing, on the one hand, traces 
of its adult organisation, and, on the other, modifi- 
cations to suit its own special method of existence 
as a free-swimming larva. There were no means 
of deciding which features Belonged to the adult 
and which to the larva as such. The general like- 
ness to Apus was never therefore understood to 
point to the fact that the Nauplius was nothing more 
nor less than an Apus larva, and that consequently 
Apus was a primitive Crustacean. And yet there 
seems to be no difficulty in this view ; indeed, had 
it been put forward alone, it would, we think, have 
met with some acceptance as a plausible specula- 
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tion. In this book, however, we have arrived at 
such a conclusion from quite another point of 
view. Wc started by endeavouring to show that 
Apus, from its many striking Annelidan charac- 
teristics, was a transition form between the Crus- 
tacea and the Annelida, and hence a primitive 
Crustacean. It comes, therefore, as no slight sup- 
port to our argument to be able to show that the 
higher Crustaceans pass through an Apus-like stage. 
That all Crustacea do not pass through this stage 
is easily explained by the theory of abbreviated 
development, so that this stage is either passed 
through in the egg, or else considerably disguised 
by the early acquirement of adult characteristics. 
As to the case in which the stage is passed 
through in the egg {e.g, among the Malacostraca) 
it is important to note that this is not the case 
in all Malacostraca, a Nauplius stage occurring, 
for example, in the development of Penaeus and of 
Euphausia. 

The theory of the origin of Apus from an Annelid 
gives us at once the true relation of the Nauplius to 
the Trochophora. It is not necessary to assume that 
Apus passes through a Trochophora stage, because 
this latter is a stage in the development of the 
Annelid specially adapted to a free-swimming larval 
life. The equivalent stage in Apus, being no longer 
larval but embryonic, does not require to develop 
the special characteristics of the Trochophora. 

When the young Crustacean is hatched as a 
Nauplius, it has already advanced considerably 
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beyond the Trochophora stage. A comparison of 
the Nauplius of Apus just hatched from the egg 
with the figure of a Polychaetan Trochophora shows 
at a glance that the former stands at a far higher 
stage of development than the latter. That this is 
in reality the case is also clear from the fact that 
the Nauplius develops three limbs, i.e.^ the homo- 
logues of the parapodia of the first three Annelidan 
segments, traces of the dorsal fold which belongs 
to the fifth segment, and further slight indications 
of five trunk segments (see Fig. 34), in all ten 
Annelidan segments. A larva so far developed 
cannot be compared with the simple ciliated Tro- 
chophora, which when hatched probably represents 
only tivOy i.e, the first and last, segments of the adult 
Annelid. 

With certain characteristic differences for each 
group, the Nauplius is essentially the same through- 
out the whole class of the Crustacea. Its exact 
morphology we shall endeavour to explain with the 
aid of the light we have now obtained as to its 
origin, as the larva of Apus, or the Apus-stage in 
the development of other Crustacea. 

When hatched from the egg the Nauplius has 
three pairs of Crustacean limbs, the unpaired " eye," 
the dorsal shield, the large upper lip, and what is 
not usually mentioned — the bent intestine, or, what 
is the same thing, the rudiments for the development 
of such a bent intestine (see Fig. 37). We will 
take these points in turn. 

I. The Nauplius Limbs. — We are not bound to 
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claim that these in any way resemble the original 
limbs of the primitive Crustacean. It is only neces- 
sary to assume that they are homologous with the 
first three pairs of Crustacean limbs, but modified for 
the special needs of a frcc-swimming larval life. Asa 
matter of fact we do find that the form of the limbs 
can easily be traced to its origin. The first uni- 
ramose limb corresponds with the antenna of the 




Fig. 34. — Nauplius of Apus cancrifortnis just hatched (after Glaus). The large 
rowing limb homologised with the dorsal parapodium d, carrying the sensory 
cirrus f, which forms the most important branch, the smaller branch being the 
tip of the parapodium. 



Annelids, ue, with the sensory cirrus of the vanished 
parapodium of the first segment. It arises direct 
from the body as a uniramose appendage without 
any parapodial portion, i.e, unless the slight bulging, 
which is seen at its base in Apus (see Fig. 7 A, 
p. 34) represents the remains of such a dorsal 
parapodium, which we think improbable, as the 
sensory cirri of Annelidan parapodia frequently rise 
from such papilla-like swellings. Owing to the 
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smallness of the Nauplius it is not easy to ascertain 
exactly where the limb springs from ; Claus states 
that it rises on each side of the prostomium or 
upper lip. 

The second limb is biramose, i.e, besides the sensory 
cirrus, the parapodium on which it stands is also re- 



FiG. 35. — Nauplius oi Le/^idurus productus (jaStc^t Brauer) ; commencing segmen- 
tation of the trunk disguised. ^ A comparison with the 2nd stage, Fig. 40, shows 
that the trunk in the Nauplius certainly corresponds to several segments. </, 
dorsal parapodium of the 2nd antenna ; f , sensory cirrus. 



tained. Repeating the homologies brought forward 
in the section on the appendages pp. 32 and 33, the main 
stem of this second limb of the Nauplius is composed 
of the dorsal parapodium together with its sensory 
cirrus ; the true tip of the dorsal parapodium appears 
like a small branch. Here clearly the exopodite is the 
sensory cirrus, the endopodite the tip of the dorsal 
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parapodium. That this is the true homology we 
have little doubt ; the facts that the second antenna 
is a sensory limb, that its tip carries long sensory 
hairs, that, as a long rowing foot, it requires to be 
provided with a fine sense of touch, all tend to sup- 
port it. It is difficult to say whether the thorn-like 
process at the base of the limb represents the ventral 
parapodium ; it is possible that, in order to facilitate 
the motion of the rowing foot, the ventral branch has 
disappeared, just as in the higher Crustacea, when the 
legs become more specialised as such. 

Figs. 35 and 36 are two views of the NaupliusofL 
productus. In these the structure of the whole limb 
in the manner we have described is particularly clear, 
the sensory nature of the larger branch of the second 
antenna being marked by the length of its filaments. 

The further development of the limb is interesting. 
As it ceases to be a rowing limb and to be specialised 
as a sensory organ, one of its branches, that represent- 
ing the tip of the original dorsal parapodium, dege- 
nerates, leaving the other, the sensory cirrus, i,e. the 
exopodite, to form the distal portion of the limb. In 
Apus a small rudiment of the endopodite remains 
(see Fig. 7 B, p. 34, where the lettering explains the 
homologies). 

If the thorn-like process at the base of the 2nd 
antenna is really the homologuc of the ventral para- 
podium, we may perhaps see in it an attempt on the 
part of the very first Crustacean to use the ventral 
parapodia of all the segments round the mouth for 
mastication, an effort which succeeded well in Limulus, 
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as we shall see in Part II. In the other Crustacea, 
however, the greater efficiency of the ventral para- 
podia of the 3rd, 4th, and Sth segments, owing to 
their easier concentration round the mouth, led to 
their specialisation as mandibles and ist and 2nd 
maxillae, so that the masticatory process of the second 
antenna was rendered useless and disappeared (see 
table p. 250). 

The third limb has again essentially the same shape 
as the second. We have the dorsal (and ventral ?) 
parapodia, with an appendage on the former homo- 
logous with the sensory cirrus or the antennal branch 
of the second limb. The dorsal parapodium gradually 
disappears in Apus, leaving only the ventral as masti- 
catory ridge or mandibles. It is however retained 
as palp in the higher Crustacea. 

We repeat then here what we have learnt from our 
study of the limbs of the adult Apus and of those of 
the Nauplius larva. The tip of the dorsal Annelidan 
parapodium forms the endopodite of the Crustacean 
limb, the sensory cirrus the exopodite, and the ventral 
parapodium the masticatory process. Applying this 
once more to the trunk legs of Apus, we conclude that 
the flabellum becomes the exopodite, and the limb 
proper (z.e. the dorsal parapodium) is the endopodite ; 
the gnathobase or first endite is the ventral para- 
podium, which in the typical trunk limb of the 
Crustacea disappears, but may be retained as a 
primitive feature, as in Apus, Limulus, and the 
Trilobites, and, as on the maxillipedes of the higher 
Crustacea, as a masticatory process. 
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We repeat further what was stated on p. 50, that 
theoretical considerations would also lead one to 
expect a retention of the parts mentioned to form the 
Crustacean limb, the capacity of sensation being 
necessary to all co-ordinated movement. Hence, as 
the dorsal parapodium lengthened into a seizing foot 
or locomotory organ, it had everything to gain by 
retaining its sensory appendage. It is interesting to 
note that when the exoskeleton is so developed that 
the limbs are protected by an almost stony covering, 
and the limb used simply for walking, the exopodite 
disappears, while on the other hand it is nearly always 
present in soft-skinned limbs, and generally seems to 
have retained its sensory functions. As an instance 
of this we can compare the thoracic with the abdominal 
limbs of the macrurous Dccapoda. 

When we come, in Part II., to consider the relation 
of Apus to Limulus and the Trilobites, we shall find 
considerable confirmation of the homologies here put 
forward, the homologising of the limbs of these animals 
with those of Apus being by no means the impossible 
task it is too often assumed to be. 
• 2. The Unpaired " Eye!' — The presence of powerful 
rowing limbs in the larva necessitated some more per- 
fect sensory organ than any possessed by the Anne- 
lidan larva ; hence the early development of the un- 
paired " eye " which in the Nauplius probably still 
retains its visual functions, although these have appa- 
rently been lost in the median " eye " of Apus. The 
structure of this organ in Apus has been described, and 
its probable origin out of the two anterior eye-spots on 
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the original Annelidan prostomium has been discussed. 
We also saw how it, together with the paired eyes, 
wandered on to the dorsal surface. In support of this 
migration of the eyes, we call attention to Figs. 36 
and 37, which show the eyes paired and unpaired 
far more anteriorly placed in the Nauplius than they 
are later in the adult, ue, midway between the ventral 
position in t/te bent Crustacean- Annelid and t/te dorsal 
Crustacean position. 

In Limulus, as already mentioned, the ocelli travel 
during embryonic life from the ventral to the dorsal 
surface. The homology of the unpaired eye of Apus 
with the two ocelli of Limulus assumed here and on 
p. 108 will be further discussed in Part II. 

It is important to note that this sensory organ is 
present in all Nauplii, and persists throughout life in 
all Entomostraca, but degenerates in the Malaco- 
straca. In the more highly developed larvae of these 
latter, traces of it are also generally, if not universally, 
to be found, e.g, in the Phyllosoma larva of Palinurus, 
the Erichthus larva of Squilla, and in some, if not all, 
Zoaea larvae. Owing to this almost universal presence 
of the unpaired eye among the Crustacea it has been 
assumed that it was present in the original Crustacean. 
This assumption falls in with our theory that it was 
first developed in the Crustacean-Annelid. 

In addition to what was said on p. 109 as to the 
function of this organ, we may say that its form as a 
hollow vesicle full of pigment cells seems at first 
sight to suggest an auditory organ, but we share 
the growing conviction among zoologists that many 
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sensory organs which are now called auditory really 
serve for regulating the position of the body in the 
water. The position of the organ in Apus seems to 
support this view. The feathered hairs fringing the 
flabella are far more capable of appreciating and 
responding to sound waves than is a plexus of pig- 
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ment cells in a closed vessel suspended inside the 
body some distance beneath the outer integument. 
There is here, however, abundant room for further 
research. It is possible that in the course of the 
development of some Entomostraca, its original 
function as a directive body may entirely give place 
to secondary visual functions, or, as above suggested, 
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it may function both as directive and as visual organ. 
Indeed, there is no reason why we should not assume 
this double function at least during larval life, so long 




Fig. 37. — Naupliusof A.cancr/formis \\xst hatched (Claus) from the side, showing 
the unpaired "eye" in its passage from the ventral to the dorsal position. /, 
large upper lip ; x, dorsal shield ; </, dorsal parapodium of the second antennae ; 
Ct sensory cirrus of the same. 



as the paired eyes are not developed, and the animal 
IS transparent. On the other hand, if it is a directive 
body Its disappearance in the higher Crustacea is 
quite intelligible, especially in the Decapoda, which 
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for the most part crawl, and develop " auditory " 
organs in the antennules. 

We may in this connection mention the frontal 
sensory organs which appear in many (or all ?) Nauplii 
(see Fig. 39, f) on each side of the unpaired eye. 
They disappear throughout nearly the whole class 
in the course of development. They may perhaps 
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Fig. 38. — Nauplius of A. cancriformis just hatched, dorsal view (after Glaus). 
5", posterior edge of the shield ; N^ the large larval excretory organ, the dorsal 
or neck organ. 



be supposed to represent a pair of feelers rising on 
the prostomium of the original Annelids, such as those 
found, for example, on the prostomium of the Eunicidae. 
In a section of Apus cancriformis we thought we found 
traces of them on the frontal surface in a very 
short stiff horn-like process of the cuticle, at the base 
of which was a group of large ganglion cells. 
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3. The Dorsal Shield, — As a dorsal shield is present 
in most Nauplii, it has been generally concluded that 
the original Crustacean possessed such a protective 
covering. When we come to discuss the relation 
between Apus and the Trilobites we shall find that 
this was by no means the case. Only in so far as 
Apus is the original of all living Crustacea (excepting, 
perhaps, the Ostracoda^) can it be said with truth 
that the racial form possessed a dorsal shield, at least 
as a fold of the fifth segment. The shield of the 
original Crustacean-Annelid was itself a different 
structure. From it not only the shell fold of Apus, 
but also the different forms of bivalve shell have been 
developed, as will be described in detail on pp. 2 1 3-216.* 
Again, a further false conclusion has often been 
drawn from the great size of the shield in the 
Nauplius, viz., that it must have been of about the 
same size, relatively, in the original Crustacean as in 
the Nauplius. Hence it has been concluded that, for 
instance, the Estheridae, which have a large dorsal 
shield, are more primitive than the Apodidae with 
their relatively smaller shield. The great size of the 
shield in the Nauplius, however, admits of a much 
simpler explanation. The shield is, as we have seen, 
a dorsal fold of the fifth segment. Hence, in larvae 
in which only the first five or six segments are 
developed, it must necessarily appear relatively of 
very great size. 

^ Our reason for excluding at least some of the Ostracoda from 
the other modem Crustacea which we deduce from Apus will l)e 
discussed in a special section of Part II. 

M 



i62 THE APODID.€ part i 

The development of the shield is well shown in 
Figs. 35 and 36 of the Nauplius of L. productus, which 
should be compared with the commencement of the 
development of such a shell in the Trilobite Acid- 
aspis, Fig. 48, p. 21 5, the neck lobe of which, developed 
as a thorn-carrier, suggests a very probable origin of 
the dorsal shield. We see it again in the Nauplius of 
A. cancriformis, Figs. 37 and 38, developing as a 
fold. 

No great difficulty need be found in the fact that 
the fold of the fifth segment should appear in the 
Nauplius before any trace of the limbs of the fourth 
and fifth segments, />., of the two pairs of maxillae. It 
is doubtless of considerable advantage to the larva to 
develop the shield as early as possible as a protective 
covering. 

4. Tlie Upper Lip,-r-ThQ labrum is another very 
characteristic feature of most Nauplii. In some, 
indeed, it reaches an enormous size (see Fig. 37). 
The homologies of this organ have been a great 
puzzle to zoologists. Packard suggests the median 
frontal tentacle of certain larval Annelids. Its 
presence in the Nauplius seems certainly to suggest 
that it was a prominent organ in the racial form of 
the Crustacea, especially as it is difficult to see what 
special advantage it can offer to the larva as such. 
Our derivation of Apus and of the whole class of 
Crustacea from a bent Annelid, homologises it, as 
already described, with the Annelidan prostomium, 
which is probably the most important of all the 
external organs of the Annelidan body. Its general 
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presence in the Nauplius larva of so many Crustaceans, 
whether it is afterwards retained by the adult or not, 
is thus easily explained. Its relatively great size in 
the larva admits of the same explanation as we gave 
of the great size of the dorsal shield ; the Nauplius 
consisting mainly of the Crustacean head of five bent 
segments, the prostomium is naturally a more pro- 
minent organ in it than it is later in the adult. 

5. The Bent Intestine. — As a characteristic of the 
Nauplius not often mentioned we have alluded to the 
bent intestine or, in other words, the relative position 
of the mid-gut and the mouth under the upper lip 
(see Fig. 37, which is a side view of the Nauplius of 
Apus showing the position of the parts). We lay 
stress on this as a characteristic of all Crustaceans, 
the origin of which is explained by the bent Annelid 
theory. 

The development of the liver as diverticula of the 
mid-gut is very clear in Figs. 34, 38, 39, 40. 

The important fact that the nerves for the second 
antennae spring in the Nauplius from the infra- 
oesophageal ganglion has already been mentioned in 
discussing the nervous system. This fact serves as a 
very striking link between Apus and the Nauplius, 
Apus showing in this respect a very primitive condition, 
for though the nerves of the second antennae branch 
off from the oesophageal commissures, there can be 
no doubt that the ganglia are infra-oesophageal {cf. 
Section V.). 

We may perhaps here briefly summarise what has 
been said about the morphology of the Nauplius 

M 2 
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larva. So far from its being comparable with the 
Trochophoran larva of its original Annelidan an- 
cestors; It is essentially a Crustacean larva, con- 
taining from six to ten of the original Annelidan 
segments, five of which are bent round to form the 
head. This method of development by the appear- 
ance at first of the head and the gradual addition of 
the new segments has been clearly inherited from the 
Annelids, and is, in this connection, very important. 
This free-swimming larval Crustacean head develops 
chiefly those organs which are necessary to it, those 
not especially needful remaining rudimentary. These 
useful organs are the anterior pair of sensory antennae 
and the second pair of rowing antennae, which are also, 
as we have seen, sensory organs. The use of the 
third pair of limbs is not clear, unless they serve for 
holding on to stationary objects ; it seems necessary 
to attribute some function to them, since, if they had 
no such larval function, they would probably appear 
more in their definitive form. The two pairs of 
maxillae have no function to perform in the larva and 
are only developed later. It is generally said that 
the second pair of limbs degenerates ; this is not 
strictly true, only relatively so. They are precociously 
developed in the larva, and, according to Brauer's 
measurements for L. productus, continue to grow, 
not, however, in proportion to the growth of the larva. 
The slight change they undergo is due to a change of 
function. The shield which belongs to the fifth seg- 
ment, being a useful organ, is visible from the first 
The unpaired "eye" is developed before the paired eye, 
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not because it is phylogenetically older, but because 
its functions are more useful to the free-swimming but 
not at first independently feeding larva. In the larva 
of L. productus rudiments of the paired eyes are dis- 
tinctly visible. The excretory functions of this larva 
are entirely carried on by the large round or oval patch 
of glandular hypodermis called the neck- or dorsal- 
organ (see Fig. 38, and Appendix V.). Lastly, return- 
ing to the gradual development of the Nauplius into 
Apus without metamorphosis, we cannot help repeat- 
ing that in itself it is a strong argument in our favour 
that the Nauplius is but the young Apus, and Apus 
but an adult Nauplius {cf. Figs. 34, 39, 41, and 
Frontispiece). 

One of the chief features, however, in the gradual 
development of the Nauplius into an Apus is the 
regular formation of new segments in front of the 
anal segment as in the Annelid, and the cessation of 
growth in Apus before the full number of inherited 
and rudimentary segments are fully developed. Apus 
is thus, even when adult, little more than a large 
Nauplius with its posterior segments in front of the 
anal segment fixed throughout life in their larval con- 
dition. The significance of this fact is very great, 
it shows so conclusively that Apus is a primitive 
form, that we cannot refrain from repeating our 
explanation of its morphology. The very fact 
which has been supposed to be an index of the high 
specialisation of the Apodidae, />., the great number 
and peculiar arrangement of the limbs, is in reality 
one of the strongest proofs of the undifferentiated 



i66 THE APODID^ PART I 

primitive character of the genus. The number of 
limbs is far In excess of the rings in the body, and if 
we once recognise that the rings do not correspond 
with segments except in the fully developed anterior 
trunlj region, but that each pair of limbs having its own 
pair of ventral ganglia corresponds with a true segment 



Fig ».— Second l"nal tinge of Apoa ttncritoma (CtausX ihowing the mdml 
develgpnwntofApus wtarihE Naupliui, ihe liver udiverticuLai^ the. mid-Eut. 

either developed or rudimentary, we have an animal, 
say Apus cancriformis, with from 60-65 segments. 
There are other species with from 40-50 segments. 
In all other Crustacea the number of segments is 
for each group either absolutely or very nearly con- 
stant. The type is fixed. In the Apodidae, as we 
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have seen, this is not the case ; the number of 
segments varies not only in the different species of 
the genus, but, as it appears, in different individuals 
of the same species. These two characteristics of the 
Apodidae, the great number and the varying number 
of the segments, ought almost of itself to constitute 
them the natural transition form between the Annelids 
and the Crustacea. In the Annelids wc have a large 
and variable number of segments, in the higher 




Fig. 40.— Second larval stage q{ Lepidnnts producius (after Brauer). 

Crustacea a comparatively small, and for each group 
a fixed, number of segments. Between these two the 
Apodidae form the true link, having a diminishing 
number of segments, diminishing, that is, by a con- 
siderable number remaining undeveloped, and so 
rudimentary as to be useless to the animal, and there- 
fore liable to vanish. 

In this section on the Nauplius we have appealed 
to the developmental history of Apus in support of 
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the arguments founded upon anatomical and morpho- 
logical comparisons brought forward in the previous 
sections. We may, we tfiink, safely maintain that the 



]a of ih« mid-sui ci 



built of the evidence to be deduced from the Nauplius 
is decidedly in favour of our theory. To us it seems 
so strong, that on it alone the theory might almost be 
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based. All that our argument requires is, that, while 
the positive evidence is strong, the difficulties should 
not be insuperable. 

We have had to limit our remarks to the larval 
history of Apus, as observations on its embryological 
development are unfortunately wanting. We may, 
however, here mention one or two facts in the embry- 
ology of the Crustacea which bear upon our theory. It 
is stated,^ for instance, that the median eye develops 
from paired rudiments — an observation which lends 
some support to our account of the origin of this 
organ out of an anterior pair of eyes. Still more 
important for our theory is the fact that, while in the 
development of a few Crustacea there is a tendency 
in the mesoblast to form paired, segmented mesoderm- 
streaks, in the majority of cases the mesoderm cells 
form irregular lacunar spaces.^ The significance of 
these two facts taken togetlur cannot be over-estimated, 
that is, if we are right in assuming that the latter 
method of development of the mesoblast is gradually 
displacing the former, and is therefore coenogenetic. It 
will be remembered how, from purely morphological 
reasoning, we came to the conclusion that the greater 
part of the coelom epithelium (the parietal layer) of the 
original Crustacean-Annelid went to form the mem- 
brane of the lacunar blood system of the Crustacea. 
We find then this acquired rearrangement of the meso- 
derm shifted back to the earliest embryonic stages. 

^ Grobben, ** Die Entwickelungsgeschichte der Moina rectirostris. " 
2 Korschelt und Heider, "Lehrbuch der vergleichenden Entwicke- 
lungsgeschichte der Wirbellosen Thiere." 



I70 THE APODiPiE parti 



General Conclusion based upon the Argu- 
ments CONTAINED IN THE FOREGOING SECTIONS. 

In pre-Cambrian times, of which there are now 
no fossil remains, a browsing carnivorous Annelid ac- 
quired the habit of keeping its *' head," />., its first five 
segments, bent round so that the mouth faced ventrally 
and posteriorly, and used its parapodia for pushing 
food into its mouth. The antennae, antennal para- 
podia, and parapodia developed gradually into Crus- 
tacean antennae, mandibles, maxillae, and limbs. For 
the protection of the exposed anterior dorsal surface, 
a shield, to be more accurately described later on, 
was developed out of a fold of the tergum of the fifth 
segment, the posterior edge of which grew perhaps as 
a carrier of defensive thorns. At the posterior end 
of the body, the inherited number of Annelidan 
segments gradually ceased to be developed, and 
remained in a rudimentary or larval condition. 
The gradual development of a thickened cuticle led 
to transformations of outer and inner organisation 
sufficient to change the Annelidan into the Crustacean 
type. The modern representative of this Crustacean- 
Annelid is Apus. 

We have now to see if it is possible to deduce 
the principal groups of both living and extinct 
Crustacea either from this racial form or from a 
similar Crustacean-Annelid. This is clearly the best 
test of the truth of the morphological and anatomical 
reasoning contained in this first part. 
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PART II 
SECTION XII 

Relation of Apus to the other Crustacea 

In Part I. we have endeavoured, on morphological 
and anatomical grounds, to deduce Apus from a car- 
nivorous Annelid. We have shown that the trans- 
formation of the latter into the former was in 
adaptation to a new and very simple change in the 
manner of life of the Annelid. If the reasoning of 
Part I. is correct, we feel justified in concluding on 
the ground of probability that the transformation of 
Annelids into Crustaceans only took place. once, and 
that therefore our bent carnivorous Annelid must form 
the root of the whole Crustacean system. Further, it 
is clear that the Apodidae must stand very close to 
this root. This reasoning leads us at once to find an 
infallible test for our whole theory. We have two 
lines along which to work, both of which are capable 
of leading to a positive answer, negative or aflSrma- 
tive. We shall first take the archaic forms and see 
whether they, like Apus, are capable of being deduced 
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from our bent Annelid. And, secondly, wc shall see 
whether Apus forms a probable starting-point for the 
modern Crustacea. In both cases we shall find that 
our theory stands the test. We shall find that the 
transformation of the carnivorous Annelids into Crus- 
tacea did not result in only one form of primitive 
Crustacean, but in several. It was, however, the same 
Annelid, with the same number (five) of anterior 
trunk segments bent round towards the ventral sur- 
face, which gave rise to the whole class. 

The most important and apparently the most suc- 
cessful modification in early times was the Trilobites, 
that is, if we may judge from the extraordinary num- 
bers and varied development of these early Crus- 
tacea in palaeozoic times. They, however, all died 
out, leaving, perhaps as their sole modern represen- 
tatives, some families of the Ostracoda. 

Other modifications of the original Crustacean- 
Annelid were the Eurypteridae and Xiphdsuridae, to 
which latter the stilMiving king-crab belongs. 

All these groups, however well adapted to their 
palaeozoic surroundings, have, with the exception of 
the last-named (and the Ostracoda, which we think 
may have come direct from the Trilobites), entirely 
disappeared, and it was the.Apodidae which became 
(with the above exceptions) the sole ancestors of 
the now living Crustacea, surviving mainly, we think, 
on account of the advantages afforded by the develop- 
ment of a dorisal shield. 

We have, then, to try to show first, that these Crus- 
tacean forms are deducible, like Apus, from the bent 
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carnivorous Annelid, and, secondly, that the living 
Crustacea, excepting Limulus and (?) the Ostracoda, 
may be easily deduced from the Apodida^. 

If these points can be established, they necessarily 
involve a rearrangement of the present system of 
classification. The discovery that an animal, which 
has hitherto been considered as a very specialised 
form of a special group, is in reality one of the 
simplest and most original forms of all the groups, 
supplies at once the starting-point for the classifi- 
cation of the Crustacea which has hitherto been 
wanting. It is at present impossible to find points of 
connection, sufficient for a natural system of classifi- 
cation, between many of the different groups. We 
shall now find that the acceptance of our Annelid 
ancestor of Apus as the original form enables us, for 
the first time, to sketch, at least in outline, a natural 
order, not only embracing the Entomostraca and 
Malacostraca, but also Limulus, the Eurypteridae, 
and the Trilobites. This new classification we shall 
attempt, that is, if we are justified in calling that 
" new " which is in reality only a further development 
of views expressed many years back by the older 
zoologists, and notably by Burmeister. 

Although we have set ourselves this double task, it 
is clearly impossible, in a small work like this, to go 
into many details, especially in our comparison of the 
Apodidae with the many living Crustacean forms. It 
will, we think, be granted, that a successful grouping 
of the Apodidae with the Xiphosuridae, the Trilobites, 
and other early forms as common derivatives from a 
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bent Annelid, will establish our main argument be- 
yond contradiction. We shall therefore devote our 
chief attention to endeavouring to explain the mor- 
phology of these ancient forms from this point of view, 
making, as we believe, many points clear which have 
never been properly understood. 

As to the second part of our task, the deduction of 
the modern Crustacea from the Apodidae, and the 
formation of a new system of classification, we shall 
have to leave the working out of the details to others, 
and content ourselves with a short collection of 
notes, to suggest the possible ways in which the 
modern Crustacea may be deduced from our bent 
Annelid, either through Apus or through the Trilo- 
bites. 

APUS AND LIMULUS. 

We begin with Limulus because, being still extant, 
its anatomy is well known. It is to the works of 
Anton Dohrn, Kingsley, Lankester, Milne-Edwards, 
Packard, and others, that we are indebted for the 
details of its organisation here brought forward. 

The likeness between Limulus and Apus is so 
great, not only in external form but in inner organisa- 
tion, that almost all the older zoologists classed thein 
together in one genus. The temptation to draw com- 
parisons between them is traceable in the writings of 
all who have dealt with either of them. But, in spite 
of this unmistakable likeness, all idea that the two 
animals could possibly be related has in later times 
been steadily repudiated. Indeed no general agree- 
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mcnt has been arrived at as to the true zoological 
position of Limulus. Many eminent zoologists, such 
as Van Beneden, maintain that Limulus is not a 
Crustacean at all ; ^ and the able attempt of Lan- 
kester and others to demonstrate that Limulus is 
an Arachnid is familiar to all zoologists. 

The difficulties in the way of connecting Limulus 
and Apus seem to be the following, (i) The limbs 
in the two animals are differently arranged on the 
body, besides differing in number and form. This 
point is rightly considered of great importance, 
because it was chiefly the close study of the limbs, 
and of their homologies in the different Crustacea, 
which enabled zoologists to arrange the class into 
the natural groups of our present classification. (2) 
Whereas the Xiphosura bear markedly the character 
of an archaic group, whose nearest allies are to be 
sought for in the earliest geological strata, and which 
in development pass through a so-called " Trilo- 
bite" stage, Apus has, comparatively speaking, no 
geological record, and is, so far as we can learn from 
palaeontology, rather a highly specialised tertiary 
form. (3) The young of Limulus do not pass 
through any stages which appear to correspond with 
the stages of Apus. Packard's attempt to discover 
the Nauplius stage in the embryological development 
of Limulus has met with no favour. 

We here have, as far as we can find, the chief 

^ ** Les Limules ne sont pas des Crustaces — ils n'ont ricn de commun 
avec les Phyllopodes." Journal de Zoologie, par?. Gervais, vol. i. p. 42. 
Paris, 1872. 

N 
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reasons why zoologists have not allowed themselves 
to be influenced by the extraordinary morphological 
likeness between the two animals, and why they 
have maintained that this likeness is merely a 
remarkable case of analogy. 

On the other hand, the morphology of Apus has 
been such a perpetual puzzle, that its likeness to 
Limulus, even combined with its acknowledged re- 
tention of Annelidan characteristics, gave no key to its 
systematic position, just as its likeness to the Nauplius 
failed to suggest that it is itself the proto-Nauplius. 
When once, however, we recognise the essentially 
Annelidan and therefore primitive character of Apus, 
and thus regard it as an archaic form, ue,^ as a sur- 
vival from early geological periods, its likeness to 
Limulus takes on at once a new meaning. The, diffi- 
culties above mentioned deserve to be re-examined ; 
fortunately they are not insuperable. Before going 
into a detailed comparison of Limulus, let us briefly 
indicate the way these three difficulties may be met. 

I. In the first place, the difficulty as to the difference 
between the limbs of Limulus and Apus depends 
entirely upon an exaggeration (a very natural ex- 
aggeration) of the importance of limbs for the 
purpose of classification ; we say, a very natural 
exaggeration because, as above stated, it has been 
by a close study of the homologies of the Crusta- 
cean limbs that so much has been done to arrange 
the Crustacea into natural groups. On the other 
hand we ought not to lose sight of the fact that 
of all organs of the body the appendages are the 
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most plastic ; the slightest alteration in habit of 
life, and every change in size and form of the 
body, bring- about some corresponding change in the 
limbs. So that while, on the whole, stability of 
type is wonderfully exemplified in the Crustacean 
limbs, too much weight must not be laid upon it, 
since the same class supplies us with equally won- 
derful examples of extreme plasticity. Specialisation 
for some particular habit of life leads often enough 
to modification which altogether obliterates the type. 
It is not safe, then, to conclude, because the limbs 
of a Crustacean do not now show the typical form, 
that* there is no way of connecting them with 
typical limbs. We thus maintain that the assumed 
failure of Limulus to show the typical Crustacean 
or Phyllopodan limbs ought not for a moment to 
weigh against the positive likeness between it and 
Apus. 

Further, while Apus has, as we have seen, retained 
the more primitive form of limb, not far removed from 
the Annelidan parapodium, the manner of life of 
Limulus has led to a specialisation of its limbs, but 
not, it is important to note, to such extreme 
specialisation that no points of resemblance with 
the limbs of Apus are retained. On the contrary, 
the likeness, in some respects, is so great that one 
might almost be tempted to leave the limbs out of 
account in the question of relationship ; they speak 
equally strongly both ways. When we come to 
compare the animals in detail, Apus having supplied 
us with the clue, it will not be difficult to deduce 

N 2 
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the limbs of Limulus from the parapodia of our 
Annelid, and to explain the transformations which 
have taken place. 

The first difficulty as to the form and order of 
the limbs is thus, we think, fairly satisfactorily met 
for the present by the following four considera- 
tions : — 

(i) That the possibility of homologising the limbs 
with typical Crustacean limbs must not be too much 
insisted upon, in the face of the well-known plas- 
ticity of these organs. 

(2) That the limbs of Limulus are in many points 
as strikingly like the limbs of Apus as, in other 
respects, they are unlike. 

(3) That the modification of the Xiphosuran limb 
out of the Phyllopodan or Annelidan is fairly easily 
traceable to the manner of life of the animals. 

(4) As to the number of the limbs — our whole 
theory makes the number of limbs or segments 
developed of no real importance. The method of 
the development of new segments is such that few 
or many may be developed according to the needs 
of the genus. 

II. Turning to the geological difficulties, we think 
these of even less weight than those founded upon 
the dissimilarity in the form, number, and order of 
the appendages. The habit of life of Apus from 
earliest times must have been such that it could be 
very seldom preserved in a fossil state. It was 
probably first shut off from the ocean in brackish 
lagoons, and was gradually driven by the struggle for 
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existence into small fresh-water pools, where alone 
it was able to hold its own, shut off from compe- 
tition with almost all the rest of the animal king- 
dom. It is iti this way, as already stated, that we 
account for the preservation of its primitive charac- 
teristics. Now, in such a record as this, what are 
the probabilities of its leaving any fossil remains ? 
■ The marine carnivorous Annelids of palaeozoic 
times have left only their hard, chitinous teeth, 
so that the Apodidae of those times, with a skele- 
ton not much harder than that of the Annelids, 
would hardly be likely to be preserved. Their 
comparative softness is thus one element to be 
taken into account in discussing the probability 
of their being preserved as fossils. But, further, 
when once they had adopted their fresh- water life 
in shallow pools, the chances of their preservation 
would be smaller still. They would at this time 
belong to the land fauna. There would thus be 
very little chance of their remains being preserved. 
In the first place the dead bodies would have 
decayed before there was any chance of their being 
covered by a deposit ; there is, as a rule, very little 
suspended matter to fall in the isolated fresh-water 
pools which we suppose the Apodidae to inhabit. 
And in the second place, land surfaces are, as is well 
known, seldom if ever preserved. There is therefore 
very little chance of any Apus being preserved 
excepting under very exceptional circumstances. 

Further, although there may be no true Apodidae 
recorded from Palaeozoic strata, yet there are abun- 
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dant remains of Phyllopods, many of which show 
such a striking resemblance to the Apodidae that we 
are justified in claiming them as nearly related forms. 
This fact lends distinct support to our argument that 
Apus is a very ancient form, in spite of the deficiency 
in its own geological record. 

III. The embryological difficulty is even of less 
account than the two others. Packard, whose studies of 
the embryology of Limulus entitle him to speak with 
authority, states that it is evident that the metamor- 
phoses are all undergone within the egg, in order 
that the young may enter at once on the manner 
of life of the adult. And we may repeat here 
what has been affirmed in other connections, that 
it is enough if the embryology of Limulus does not 
directly and plainly contradict our theory ; we say 
plainly, because we do not lay much weight on the 
passing hints which an animal in its development 
may give as to its ancestors, unless these hints are 
supported by other evidence. 

If these are not completely satisfactory answers to 
the difficulties which stand in the way of any close 
relationship between Limulus and Apus, they at any 
rate weaken those difficulties to such an extent that 
they are of little value in comparison with the positive 
evidence based upon the anatomical and morphological 
likeness between the two animals, taken together with 
all the evidence brought forward in the first Part to 
show that Apus has retained most of the characteristics 
of a primitive Crustacean, and, in fact, is as truly an 
archaic form as Limulus itself 
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Having prepared the way, let us commence the 
detailed comparison of the organs of Limulus and 
Apus. 

The first point on which we fix our attention in 
order to test the relationship between the two animals 
may not appear very important, but the longer it is 
considered the more convincing, it seems to us, is the 
argument founded upon it. It is as follows : 

Our main argument is that Apus is a bent Annelid. 



the sinewy sterna] 
p. 56. i, train; *, 



/, openings of the hi 



In this way we explained the bend in the intestinal 
canal which is so characteristic of the Crustacea. 
This bent intestine is very marked in Limulus (see 
Fig. 43), and suggests the same origin. This, how- 
ever, was not enough. We argued that if we find in 
the bend of the intestine of Limulus a sinewy mass 
such as we find in Apus, referable there to the 
clumping together of the abdominal musculature, 
the coincidence can hardly be a mere case of 
analc^. Such a sinewy mass is found in Limulus, in 
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essentially the same place as in Apus, and is known 
as the sternal plate. If we have given the right 
explanation of these two points, the bent intestine 
and the sinewy mass in the bend in Apus, there can 
hardly be any other explanation to be given of their 
occurrence in Limulus. Given, then, the derivation of 
Apus out of a bent Annelid, in the manner described 
in the first part, it is hardly within the range of pro- 
bability that Limulus, in which these two essential 
marks of such a derivation occur, should have had a 
different origin. These two points of resemblance, 
occurring together^ are, in our opinion, conclusive as 
to the essential relationship of Limulus to Apus, 
through their common origin from a bent Annelid. 
This alone without further positive evidence was 
sufficient to convince us that Apus and Limulus 
were at least branches of the same stem. But, as 
will be seen in the following pages, the whole 
organisation of Limujus admits of direct com- 
parison with that of Apus, the very differences 
between them affording striking confirmation of 
our theory of their common origin from a bent 
Annelid. 

With this decisive evidence in favour of our theory 
we naturally proceeded with considerable confidence 
in attempting to homologise the limbs which have 
hitherto presented the chief difficulty in connecting 
Apus and Limulus. Before commencing a detailed 
discussion of the limbs of Limulus, there arc many 
points of resemblance in external organisation which 
should be mentioned. It will also be useful to 
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ascertain here the general principles on which Limulus 
has been modified. 

On comparing the external form of Limulus with 
that of Apus, we find that the head region, while 
retaining essentially the same form, is yet far 
larger in proportion to the size of the body in the 
former than in the latter. The eyes are further 
apart, and two ocelli take the place of the unpaired 
" eye " or directive sensory body. The dorsal shield 
does not stand out from the body as a fold like that 
of Apus. Its frontal and lateral edges are produced 
downwards and outwards, so that the anterior part of 
the animal proper is raised from the ground, and, 
under the shield, has room for the movement of its 
limbs. ^ The dorsal shield, in fact, forms a sort of roof 
under which the animal lives. It is as if the head 
and anterior trunk segments of an Apus had been 
pushed upwards and backwards under the shield, 
being somewhat squeezed up in the process. The 
whole life of Limulus is passed under cover, every 
possible entrance being shut, or carefully guarded, 
against enemies. 

The fusing of the head with the dorsal terga of a 
certain number of trunk segments naturally deprives 
these segments of any power of movement one upon 
another. The abdomen is also quite rigid, although 
in its embryonic state it shows distinct external traces 

^ This is not shown in the section of Limulus rotundicauda, Fig. 42, 
which, being a median longitudinal section, passes through the forehead. 
The vaulted shape of the shell is best shown in transverse sections, cf, 
the sections of a Trilobite Fig. 54, p. 230. 
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of segmentation. The length and rigidity of the 
caudal spine, taken together with the rigidity of the 
anterior portion of the body, would render the flexi- 
bility of the middle part of little use. It is true that 
there are Trilobites with rigid shields and pygidia 
and yet with flexible segments in the middle region 
of the body ; but the pygidium could, in these animals, 
be used as a covering in the rolling up of the body. 
In animals possessing a caudal spine there could 
be no question of its being put to any such use ; 
hence, probably, the rigidity of the middle or ab- 
dominal region of the body. 

There are, comparatively speaking, but a small 
number of segments in the Xiphosuridae, at least as 
compared with Apus ; but this is a matter of com- 
paratively small importance if we take into con- 
sideration the method of development of the early 
Annelidan-Crustaceans. The hind part of the body 
might become fixed at almost any stage of develop- 
ment, more or fewer segments coming into existence 
according to the degree of specialisation of each 
group. Apus developed, comparatively speaking, a 
large number (50-60), Limulus a small number 
(ca. 16). 

The metamerism of Limulus is probably to be 
reckoned as follows : 

Cephalothorax, — This is composed of five segments 
of the bent Annelid forming the head, each segment 
retaining its appendages, and of two trunk segments 
bearing two pairs of limbs, the posterior pair forming 
the operculum ; in all seven segments. 
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Abdomen and Caudal Spine, — These probably re- 
present nine ^ segments, of which the first five carry 
leaf-like gills, four (the last of which develops into the 
caudal spine) remaining limbless ; these latter are to 
be compared with the five or six limbless segments 
of Apus. The caudal spine is a development of 
the anal segment homologous with the tail plate of 
Lepidurus. />., of those Apodidae in which the anal 
segment is produced posteriorly into a flat plate. 

According to its external organisation, therefore, 
Limulus is an Apus-like animal, especially adapted 
for living on mud under a shell. The shell is vaulted 
and the body correspondingly compressed against its 
roof, so as to allow the limbs, &c., to function. In 
this way we think that the chief differences between 
Apus and Limulus can be explained. It is important 
to bear in mind this general principle on which 
Limulus has been modified as a key to its special 
organisation. 

It is worth pointing out that Packard, quoting 
from Dr. Gissler, describes the method of moulting 
in Limulus and Apus as being essentially alike. 
This, however, need be no more than a case of 
analogy. 

In the following detailed comparison we shall find 
that in some points Apus is the more specialised, in 
others Limulus, but there can be little doubt that, of 
the two, Apus stands nearer to the original Crusta- 
cean-Annelid. 

^ Packard gives this number for the abdomen of Limulus. 
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THE LIMBS. 



As already stated (p. 179) we find that the differ- 
ences between the limbs of Apus and of Limulus are 




Fig. 43. — Ventral surface o{ Limulus moluccanus 9 (after Vander Hoeven), showing 
the ventral parapodia of five pairs of limbs, viz., the second, third, fourth, fifth, 
and sixth (first trunk limb), working between the prostomium and the under 
lip ; also the differentiation of the sixth, or first crunk limb, for locomotory 
purposes. 

as significant as are the likenesses. First as to number, 
we need only repeat what was said about the difference 
in number of the segments ; instead of a large number 
of segments with a large number of limbs at different 
stages of development, from the parapodium-like limb 
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of the Phyllopoda to the Crustacean leg, we have in 
Limulus a small number of segments with a small 
number of limbs, showing essentially the same 
differentiation as we find in the legs of Apus, but more 
specialised in adaptation to its manner of life. We 
have anteriorly the more typical Crustacean limb, 
posteriorly the more parapodial limb, the transition 
between the two, however, being not gradual but 
sudden. 

In trying to homologise the limbs of the two animals, 
we shall have to utilise the conclusions arrived at in 
Part I. 

The first pair of limbs of Limulus occupies a place 
corresponding to that of the first pair in Apus, viz., 
at the sides of or close to the labrum, and is homo- 
logous with the first pair of antennae. In general 
form these limbs do not differ much in the two animals, 
as may be seen by comparing Fig. 43 and Frontis- 
piece. The chief difference is that in Limulus the 
bends have developed hinges, owing to the greater 
development of the exoskeleton, and there are chelae 
at the tips. We need hardly say that neither of 
these points is of very great morphological worth. 
For instance, within the Arachnoidea we find one 
and the same limb, the pedipalp, in one group (the 
Araneidae), as a simple feeler ; in another (the Scorpio- 
nidae), it develops powerful chelae; and within the 
group of the Spiders themselves the tips of the pedi- 
palps in many males undergo even more wonderful 
modifications for the purposes of copulation. 

With regard to the second antenna, we were at first 
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disposed to think that it had entirely disappeared. 
In Apus it has not yet quite disappeared, but it is so 
rudimentary that it appears to be in the act of disap- 
pearing. It seemed to us that the condition of this 
limb in Apus helped us in pointing out a missing limb 
in Limulus. But maturer thought led to the homolo- 
gising of the second pair of limbs with the second 
antennae of Apus. In the first place the position 
agrees very well {cf. Fig. 43 with Frontispiece). 
This was not, however, the real reason for our change 
of opinion, which was due to a comparison of the sixth 
limb in Apus with the sixth limb in Limulus, and, to 
anticipate somewhat, with the sixth limb in the Eury- 
ptieridae and in the Trilobites. The sudden specialisa- 
tion of this limb in all these animals must be admitted 
to have some common significance. That given on 
p. 44 seems the most probable, viz., that, taking five 
segments to form the bent head, the sixth was the 
first free segment, and its parapodium was thus free 
to develop into a limb for locomotion or for some 
other function. Thus, taking the sixth limb of 
Limulus to represent the first trunk limb, the full 
number (five) of head limbs were left to be homologised 
with the typical head limbs of Apus and the other 
Crustacea. The second antenna is therefore present, 
exactly corresponding in position with the homologous 
limb of Apus. It is, however, a well-developed and 
highly functional limb. In the female it is chelate, 
but in the male it develops a seizing hook. It is in- 
teresting to note that the same pair of limbs in the 
male of Branchipus, which is closely related to Apus, 
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also develop powerful seizing hooks. The homology 
of the second pair of limbs of Apus with the second 
antennae of the Apodidae is doubly interesting because 
we here find the ventral parapodium retained as 
masticatory ridge. The great number of masticatory 
ridges in Limulus will be referred to again, and com- 
pared with the number of homologous ridges in Apus 
and the fossil Crustacea. 

The third pair of limbs of Limulus offers a most 
interesting comparison with the mandibles of Apus. 
In the latter, the ventral parapodium alone is retained, 
the dorsal having entirely disappeared. In Limulus, 
both have been retained, the ventral parapodium as a 
very pronounced masticatory ridge, the dorsal as a 
long jointed chelate leg. 

The fourth and fifth head limbs have nearly the same 
form as the third, and are homologous with the two 
pairs of maxillae of Apus. One interesting feature, 
however, deserves special attention in connection 
with pur deduction of Apus and also of Limulus 
from an Annelid. In Limulus, the ventral para- 
podium, which stands out much more pronounced 
as a ventral parapodium than it does in Apus, has 
retained distinct traces of its sensory cirrus (see Fig. 
44). In this respect Limulus is more primitive than 
Apus. On the other hand in Limulus, the sensory 
cirrus (or exopodite) disappears from the dorsal 
parapodium of the head limbs ; this is the exact 
opposite of what we find in the typical Crustacean 
limb, where the dorsal parapodium as endopodite and 
its sensory cirrus as exopodite are alone preserved, the 
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ventral parapodium being only occasionally retained 
as a mere rudiment. This very striking difference 
between Apus and Limulus is thus at the same time 
a link, since it connects them both with our Crustacean 
Annelid. 

The sixth pair of limbs has already been homologised 
with the first trunk limbs of Apus and the other Crus- 
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tacea. It differs characteristically from the head 
appendages. Its ventral parapodium is well developed 
as a masticatory ridge, and functions as a jaw, in front 
of the under lip, with the masticators of the last four 
head segments. Its dorsal parapodium, however, is 
developed in a peculiar way. It is a powerful limb for 
pushing the animal forward in its burrowing operations ; 
its tip is provided with a group of sensory feelers 
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comparable with the sensory endites on the ventral 
edge of the trunk limbs of Apus ; in the middle of 
this group of sensory processes is a small pair of 
chelae. This whole limb seems to combine loco- 
motory with protective functions. Its tip lies close 
to the lateral gap between the cephalo-thoracic and 
abdominal shields, so that no enemy could enter with- 
out being immediately perceived and thrust out. This 
first trunk limb seems to have preserved its. dorsal 
sensory cirrus, also no doubt as a guard against the 
entrance of enemies which could not easily be ejected 
if once lodged on the dorsal edges of the head limbs^ 
i.e, between the limbs and the shield. 

The last pair of limbs of the cephalo-thorax is highly 
modified as a flat cover or operculum for the abdominal 
feet. Its form is essentially Phyllopodan. In Limulus, 
the passage from the flat Phyllopodan limb to the 
Crustacean leg is abrupt ; there are no transition forms 
as in Apus. The first trunk limb is leg-like, the second 
Phyllopodan. As the form of the latter is essentially 
the same as that of the abdominal limbs, we reserve 
our description of it till later. 

Before leaving these cephalo-thoracic limbs we wish 
once more to call attention to their arrangement, 
which is well explained by the manner of life of 
the animal. The animal, i.e. its anterior end, seems 
as if fixed up in the vault of a roof, the mouth 
being in the centre and the limbs hanging down all 
round. The most anterior and most posterior limbs 
do not function as jaws, but the five limbs between 
these two, i.e. the last four head limbs and the first 

O 
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trunk limb, have powerful jaw pieces, which are 
arranged in two rows, one on each side of the oral 
aperture, the dorsal parapodia being developed into 
an outer ring of chelate feet for seizing prey and 
bringing it between the jaws. 

It is clear that the efficiency of these long limbs, 
already limited as to space for free movement, would 
be materially lessened if on their dorsal edges they 
had to carry gills, &c. ; hence these appendages have 
entirely disappeared, respiration becoming localised on 
the abdominal limbs, which have been especially modi- 
fied for the purpose. In the Trilobites the movement 
of the limbs is also limited by a large shield running 
the whole length of the body, but in their case both 
the gills and the cirri are retained, the reason being 
very simple, viz., that the ambulatory legs of the 
Trilobites do not require to carry out the complicated 
movements of the limbs arranged round the mouth of 
Limulus, but are simply ambulatory legs. 

Two processes from the ventral surface of the 
body bring these limbs to a close. The mouth parts, 
i,e, the masticatory ridges, work between the labrum 
at the one end and these two processes at the 
other. Although authors have recognised that these 
processes function as an under lip, they hesitated to 
assert that morphologically they were the true under 
lip. We can, however, hardly doubt that they are to 
be homologised with the under lip of Apus. An 
examination of the special modifications of Limulus 
explains the position of the organ ; the mouth has been 
lengthened out longitudinally so that the labrum has 
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been forced outwards and forwards, and the under Up 
backwards, so as to admit of the working of the five 
pairs of jaws between them. If it at first sight seems 
unlikely that the paragnatha should move so far back 
as to come behind the first pair of trunk feet, it must be 
remembered that, when the mouth of* the Crustacean- 
Annelid first stretched out so as to admit of the working 
of the five ventral parapodia as jaws, the parts were 
more flexible. It is also some confirmation of this 
homology to find that the sternal plate, the sinewy 
mass of the musculature originally in the angle of the 
bent intestine and thus close above the under lip, is 
also drawn back as far as this under lip, showing that 
the whole region has been drawn out of its original 
shape. The origin of the division of the under lip 
has been already explained (p. 40). 

In Limulus, as already said, we do not find, as in 
Apus, a gradual change in the limbs from the more 
Crustacean form anteriorly to the more Annelidan, 
i,e, parapodial, posteriorly. The transition is sudden. 
The limb corresponding with the second trunk limb 
of Apus forms the flat operculum to cover the follow- 
ing five pairs of Phyllopodan {i,e. parapodia-like) 
limbs. 

The typical parts of these abdominal limbs can still 
be more or less clearly recognised. The ventral para- 
podia of each pair of limbs have fused in the middle 
line, forming the basal plate ; the dorsal parapodium 
is represented by a row of four joints approaching 
the middle line (see Fig. 45). On the outside of 
these come the large gill and somewhat smaller flabel- 

O 2 
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lum fused with one another and with the basal plate, 
but still distinct. On the well-known principle of the 
increase of the respiratory surface by the formation 
of integumcntal folds, the dorsal {i.e. morphologically 
posterior) surface of the gills has developed a row of 
leaf-like folds. - 

It is of importance to note that it is only that part 



i, don>ar parapodLa (endopodiles) ; 
gill, the posletior surface of which 



' of the limb of Limulus which morphologically cor- 
responds with the gill of the parapodium (or of the 
Phyllopodan leg) which is thus modified. One would 
have been inclined to think that the increase of the 
respiratory surface could have been better obtained 
by using the whole surface of these leaf-like limbs. 
We have here a most interesting case of the strict 
localisation of function. The increase of respiratory 
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surface required, in consequence of the suppression of 
the gills on the anterior limbs, is obtained by a com- 
plicated increase of the surface of the gills on the 
other limbs, and of the gills only. 

We have, then, compared the appendages of Limu- 
lus with those of Apus, and shown how they throw 
light upon one another, how they are both deducible, 
some along one line of special differentiation, some 
along another, from the parapodia of our original 
Crustacean-Annelid. The type is clearly the same 
in both, as is also the type of the whole organisation 
of the two animals. 

The Musculature, — The musculature of Limulus is 
very specialised, in accordance with the specialisation 
of the outer body and the high development of 
the exoskeleton. We will not here venture on the 
task of endeavouring to trace the separate muscles 
from their Annelidan origin. In all such attempts, 
the limitation of the movements of the body must 
be borne in mind. The fact that the body of Limulus 
is no longer capable of any bend, except in the 
sagittal plane, would alone bring about very profound 
changes in the musculature, which originally moved 
the Annelid freely in any plane. 

It must here suffice to refer to what was said above 
(p. 184) about the sinewy mass found within the bend 
of the intestine for the attachment of the muscles. 
For the origin of this mass from the Annelidan ven- 
tral muscle bands we refer to the derivation given in 
Part I. of the smiilar mass found in the same place in 
Apus. And further we can point to the entapophyses 
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in Limulus as homologous with the points of attach- 
ment of the dorso-ventral muscles in Apus, marked 
/ in figures 66 and 6y. 

The Nervous System. — The nervous system of 
Limulus is especially important and interesting. In 
many respects it is more primitive than that of 
Apus, for example, in the position of the brain. On 
the other hand, again, owing to the greater special- 
isation of the whole body, it is in some respects 
more specialised. 

In describing our bent Annelid we naturally found 
it necessary to assume that the brain was originally 
in the prostomium or labrum. In Apus, owing to 
the wandering of the eyes forwards and upwards, the 
brain followed the eyes, splitting the oesophageal com- 
missures into a sympathetic ring and a cerebro-oeso- 
phageal ring. /// Limulus the brain has retained its 
original Annelidafi position. It need hardly be said 
that this is a very striking confirmation of our deriva- 
tion of Apus from a bent Annelid. We had quite lost 
sight of this fact when we stated that in the original 
Crustacean- Annelid (shown in Fig. 18, p. 6(^ the 
brain was in the prostomium, and that in Apus it had 
wandered from its place through secondary adapta- 
tions. Thus the very difference in the position of the 
brains of Apus and of Limulus affords a conclusive 
proof of their real relationship as derived from the 
same bent Annelid. 

It is almost equally important for our argument to 
note that, as Ray Lankester pointed out, the brains of 
Apus and Limulus are alike in constitution, both 
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being very nearly pure archicercbra. They consist 
almost wholly of the ganglia for the eyes and ocelli in 
Limulus, and of the eyes and unpaired sensory body 
in Apus. In Limulus, according to Packard, the brain 
is not complicated by the presence of the ganglia for 
the antennae ; in Apus, however, according to Pelse- 
neer, the ganglia for the first antennae have joined the 
brain. In the great simplicity of the brain, these two 
animals are, Lankester states, almost unique. 

The eyes in Limulus, in wandering forwards and 
outwards, were unable to take the brain with them, 
but are simply connected with the brain by long, 
and not very important, nerve fibres. These nerve 
fibres have the same relative position on the brain as 
the stalks of the optic ganglia of Apus. Between the 
two optic nerves, a pair of nerves is found running 
to the pair of ocelli which lie anteriorly near the 
middle line. We have already referred to these 
median ocelli of Limulus, as some support for our 
argument that the median sensory body in Apus 
arose out of an anterior pair of eye-spots on the 
prostomium of the original Crustacean-Annelid. 
The position of the points of departure of the 
nerves to these ocelli agrees exactly with that of 
the nerves to the unpaired " eye " of Apus. In 
Limulus there are other nerves leaving the brain from 
between the optic nerves besides those to the ocelli. 
In Apus wc found that the sensory body is com- 
posed of four retinae, with four nerves running to the 
brain. If we homologise the lateria.1 retinae with the 
ocelli, the nerves from the postero-dorsal and ventral 
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retinae might correspond with a pair of the other 
nerves just mentioned which leave the brain near 
those of the oceUi. The different shape and grouping 
of the sensory cells of the postero-dorsal and ventral 
retinae from those of the lateral retinae seem to 
indicate that they must have been derived from some 
other sensory organs. 

Owing to the backward prolongation of the mouth 
and the oesophagus, and the arrangement of the 
limbs round the former, the anterior nervous system 
is very concentrated ; the nerves for the anterior 
antennae and the five pairs of limbs branch out 
radially from the thickened oesophageal commissures. 
It is as if the oesophagus had forced its way back- 
wards between the two longitudinal commissures of the 
nerve cord, forcing apart the separate pairs of ganglia 
of the first five pairs of limbs, the four transverse com- 
missures of which arch over the slanting oesophagus. 

Between the nerves to the fifth pair of limbs and 
those to the operculum is a pair of nerves to the 
chilaria or under lip. If the homology of the 
chilaria with the under lip of Apus is correct, these 
nerves have been carried back with the under lip, 
in the drawing back of the mouth. 

The ventral cord of Apus is more primitive than 
that of Limulus, which, at its posterior end, is much 
modified. This specialisation of the ventral cord of 
Limulus is in correspondence with the great concen- 
tration of its body as compared with that of Apus. 
In Apus the posterior end was found in a rudi- 
mentary and larval condition. 
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The arterial envelope surrounding the nervous 
system will be referred to later in the paragraph on 
the circulatory system. 

The Sensory Organs. — We have already (Fig. 22, 
p. 91) described and figured the eyes of Limulus in 
order to explain the origin of the typical Arthropo- 
dan eye of Apus from the Annelidan eye-spots. It 
is of no small interest to remark that we had selected 
the eye of Limulus as a guide towards explaining 
the origin of the Crustacean eye at the very outset 
of our investigation, when we were entirely occupied 
in attempting to deduce Apus from an Annelid, and 
long before it occurred to us that Limulus was 
probably related to Apus. The establishment of 
the relationship between the two thus lends con- 
siderable support to the theory put forward in Part L 
as to the possible development of the Arthropodan 
eye out of an Annelidan hypodermal eye-spot by 
the thickening of the cuticle. If this deduction is 
correct, then the- eye of Limulus is more primitive 
than that of Apus. This indeed we might expect 
from the manner of life of the two, the free- 
swimming form naturally having the more perfect 
visual organs, while Limulus, which burrows in mud 
or sand and lives practically under a roof, has eyes 
comparatively weakly developed 

The wandering of the eyes from the ventral surface 
on to the dorsal, which we found indicated by the 
bend of the cerebro-oesophageal commissures in Apus, 
is here shown in an equally interesting way by the 
upward, forward, and outward bend of the long optic 
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nerves. Their very length, when compared with the 
usual distance between eyes and brain throughout the 
animal kingdom, is a clear indication of displacement. 

The anterior pair of Annelidan eyes, which in Apus 
went to form the unpaired " eye," are represented in 
Limulus by a pair of ocelli. The wandering of these 
ocelli on to the dorsal surface can still be traced in 
the course of the animal's development. According 
to Packard, the ocelli at their first appearance in the 
embryo are on the ventral side, and travel on to the 
dorsal side before the young animal is hatched. The 
true significance of this fact has already been dwelt 
upon, and has been compared with a similar, though 
not so pronounced, wandering of the eyes in the 
Nauplius as shown in Figs. 36 and 37. The presence 
of the ocelli on the ventral surface of any ancestor 
of Limulus would be difficult to explain by any 
other theory than that of our bent Annelid. The 
nerves to these ocelli branch from the brain from the 
same place as do those to the unpaired "eye" in 
Apus, i.e. from between the optic nerves. 

Judging from the lateral retinae of the sensory body 
of Apus, and also from the fact that the posterior 
eyes are compound, we should have expected com- 
pound eyes and not ocelli as the anterior pair in 
Limulus. In certain Trilobites {e.g, Harpes), accord- 
ing to Barrande, these ocelli are not single but com- 
posed of groups.^ It seemed to us that these might 
perhaps form an interesting connecting link between 

^ See Packard's paper on the structure of the eye of Trilobites. 
American Naturalist^ July 1880. 
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retinulated compound eyes and the single ocelli of 
Limulus. We find, however, that the ocelli of 
Limulus, according to Lankester's and Bourne's 
figures, are only ocelli in the sense that they have 
but one large cuticular lens ; the retinal cells under 
them being grouped in retinulae. The presence of 
retinulai essentially of the same shape as those 
under the conical cuticular projections in the paired 
eyes (see Fig. 22) suggests that this large cuticular 
lens has arisen by the coalescence of a number of 
such crystal cones ; otherwise, according to our 
view, it would be difficult to account for the reti- 
nulae, which we think first arise by the grouping of 
the sensory visual cells round the tips of the conical 
refractive processes. If this is the case, the ocellus 
of Limulus is not due to an independent utilisation 
of a special form of cuticular thickening, as we 
think is the case in such an eye as that of the 
Dytiscus larva, but, as stated, to a coalescence of 
the separate crystal cones to form one large lens. 
The original compound eyes with their separate 
cones probably formed weak spots in the anterior 
shield, and therefore gradually developed large single 
lenses by the concrescence of the cones. One con- 
sequence of the change is, according to our theory, 
clear, and that is that the retinulae, being no 
longer grouped round crystal cones, are, as reti' 
nulcBy comparatively useless. We turned, therefore, 
with great interest to Lankester and Bourne's 
account of these retinulae, and found what we 
expected, that they are by no means so definite as 



204 THE APODIDiC Part II 

those of the lateral eyes, their irregularity suggesting 
their slow disorganisation. 

The very differences then which we find between 
these sensory organs in Limulus and Apus are in 
reality more confirmatory of our theory than any 
exact similarity could possibly be. Similarity could 
only help to establish the relationship between the 
two animals. As it is, we have a sufficiently strik- 
ing likeness with just those differences which arc 
only to be explained by deducing both animals from 
a common Annelidan ancestor, in the way described 
in this book. 

The alimentary canal has, as already described, the 
important bend which we refer both in Limulus and 
in Apus to the bending round of the whole Annelidan 
body. The chitin-lined oesophageal portion is more 
highly differentiated than in Apus ; its oral portion is 
lengthened out posteriorly (or morphologically ante- 
riorly), showing the same longitudinal folds of its 
intima as we found in the oesophagus of Apus. Its 
anterior portion is widened out to form the so-called 
pro-ventriculus, the chitinous folds of which are so 
pronounced and differentiated that they probably help 
in the trituration of food. We here have the homo- 
logue of the masticatory stomach of the higher Crus- 
tacea. The posterior end of this projects like a 
conical crater into the mid-gut, as it does to a much 
slighter extent in Apus. The mid-gut runs almost to 
the end of the body, receiving in its course, on each 
side, two hepatic ducts from the much branched 
'* livers," which fill up a large portion of the cephalo- 
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thorax. In Apus we have a more primitive stage, 
in that the livers are still clearly little more than 
digesting diverticula of the mid-gut, at whose branched 
ends only are found the hepatic glands. In Limulus, 
the glandular portion is far more pronounced, and the 
diverticula themselves are diminished to bile ducts, as 
is the case in the higher Crustacea. 

The very difference between what we find here and 
in Apus is instructive ; perhaps, from the fact of there 
being two ducts on each side, we can conclude that 
there were originally two or more intestinal diverti- 
cula in Apus. The general form of the liver of Apus 
certainly looks as if it consisted of two or more diver- 
ticula run together at the places where they open into 
the mid-gut. Embryologically (according to Packard)^ 
the livers of Limulus begin as simple biliary tubes, 
the branchings following later. The development of 
the liver as outgrowths of the mid-gut is well shown 
in Claus' figures of the Nauplius (Figs. 39, 41). 

The rest of the alimentary canal offers nothing 
special for remark ; like that of Apus it has a short 
rectum, the chitinous intima of which is thrown into 
longitudinal folds by the musculature. It is worth 
noting that, whereas the anterior half of the mid-gut 
is very thin-walled, it gradually gets thicker and 
more muscular as it approaches the rectum ; there is 
no sharp division between the two. This is exactly 
what we found in Apus. 

The circulatory systefu of Limulus is very highly 
specialised. We do not, as already stated in Part I., 
lay much value upon it from a morphological point 
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of view. This specialisation of the blood vascular 
system in Limulus is a very good illustration of the 
principles stated on p. 117. The compression of the 
body of Limulus against the vault of its own shell 
would lead to the development of special vessels to 
supply those parts which, because of compression, 
would not otherwise receive their proper share of 
blood. Thus we may consider the circulatory vascular 
system of Limulus either as a modification of that of 
the original Crustacean-Annelid, or as secondarily 
acquired. The latter view is more probably the 
correct one. In the first place, the type of the system 
is hardly that of an Annelid, and in the second place, 
the arterial envelopes surrounding the nerves are 
clearly secondary specialisations in adaptation to the 
peculiar physiological needs of the animal. 

The Annelidan character of the long dorsal vessel 
with eight pairs of ostia needs no special notice ; it 
speaks for itself in showing that at least in this respect 
Limulus is not so far removed from the Annelids as 
its highly specialised form would have led us at first 
sight to imagine. 

Tlte genital organs in Limulus are considerably 
more specialised than in Apus. The comparative 
shortness and flatness of the body hinders the primi- 
tive metameric arrangement which we find in the latter 
animal. The eggs appear to develop towards the 
lumen of the gland instead of outwards towards the 
body cavity. This advanceon Apus is what we should 
expect from the compression of the whole body, and 
the consequent diminution of the body cavity. 
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The spermatozoa are filiform as in the carnivorous 
Annelids, but this fact is of no great morphological 
importance. The genital aperture is situated on the 
posterior face of the operculum, i.e. on the second 
trunk limb ; in Apus it is between the tenth and 
eleventh trunk feet. There were originally nephridial 
openings between the limbs of all the more developed 
trunk segments ; hence this difference between Limulus 
and Apus is of no importance. 

Development. — We have already pointed out that 
the absence of the Nauplius stage in Limulus is no real 
difficulty. We should only expect a Nauplius stage 
in Limulus inasmuch as the Nauplius is the larva of 
the original Crustacean-Annelid. The great speciali- 
sation of Limulus, apparently so unlike its Annelidan 
ancestor, readily explains its direct development 
without passing through any such stage. Its meta- 
morphoses are all passed through within the egg ; 
we thus learn nothing of its early ancestors. Its 
so-called " Trilobite stage." receives, however, a new 
interest from our theory, which includes the Trilobite 
also among the descendants of the same bent Annelid. 

• 

We conclude, then, from the comparison between 
Apus and Limulus that both animals have developed 
from the same bent Crustacean-Annelid ; hence the 
similarity in their organisation. Although their further 
development has travelled along slightly different 
lines, their striking differences are in most cases easily 
explained by the one having retained more primitive 
Annelidan characteristics than the other. 
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Returning to the subject of the shield, while in 
Apus the dorsal integument of the fifth segment 
developed a large shell fold, we see no need for 
believing that in Limulus there was ever a dorsal 
shield projecting backwards as a fold. When we 
come to consider the Trilobites we shall find reason 
to believe that the frontal ridge was in all these 
animals older than the dorsal shield, and had a dif- 
ferent origin, the dorsal shield itself being a later 
development. In Limulus, as in many Trilobites, the 
ridge round the front of the head is produced back- 
wards on each side to form two horn-like processes. 
But we reserve the further discussion of this most 
interesting subject for the next section, where it will 
be more in its place, as in the Trilobites almost every 
possible variation of the same essential type of cepha- 
lothoracic shield is found, for the defence of the 
anterior bent, and therefore exposed, segments. We 
shall then see some reasons for concluding that only 
thosQ primitive Crustacea which developed shields, i.e. 
either dorsal folds like the Apodidae, or bivalve shells 
like the Ostracoda, survived, Limulus being probably 
the only exception to this rule. In many modern 
Crustacea, however, these shields have again second- 
arily disappeared. 



SECTION XIII 
The Trilobites 

In this appeal to the ancient Crustacean forms to 
ascertain whether they lend any support to our theory 
of the origin of the class, we began with Limulus, not 
because it is more nearly related either to Apus or to 
our bent Annelid than are the Trilobites, but because 
its anatomy is so well known that it admitted of closer 
comparison, and further because its relation to the 
Trilobites is fairly well established. It thus formed 
a sort of link for the purposes of our comparison, to 
connect the Apodidae with the Trilobites and the 
Eurypteridae. That Limulus and the Trilobites are 
closely related is now generally acknowledged. 

Having shown that Limulus is, like Apus, derivable 
from a bent Annelid, if we can only show that the 
organisation of the Trilobites is also best explained 
by attributing to it a similar origin, we shall be able 
to group the Xiphosuridae, the Trilobites, and the 
Apodidse for the first time in a natural system. 

It is important to bear in mind that the Trilobites 

P 
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are the earliest known Crustacean forms. A special 
interest therefore attaches to our endeavour to prove 
that they were nearly related to the Apodidae. Start- 
ing from a purely morphological and anatomical 
standpoint, we endeavoured to show that Apus was a 
modified Annelid, and, therefore, a primitive Crus- 
tacean. Our finding that the Nauplius, or the earliest 
known larval stage in Crustacea, is but a young Apus, 
went far to show that our reasoning was correct. If 
now we can further show that the earliest known 
Crustaceans are easily connected with the Apodidae 
as related forms, it seems to us that our case is 
established. Such concurrent testimony from deve- 
lopmental history and from palaeontology is almost 
without parallel. 

The relationship of the Apodidae and the Trilobites 
has already been assumed by the earlier zoologists. 
Burmeister,^ indeed, tried to reconstruct the Trilo- 
bites on this assumption, and attributed to them the 
typical Phyllopodan limbs, and described them as 
swimming about in the palaeozoic seas. Although 
Burmeister's reconstruction was not correct, yet his 
assumption of a relationship between the two was 
justified. The fact that the Apodidae have rowing 
limbs does not in any way oblige us to assume that 
if the Trilobites were related to the Apodidae they 
must have had similar limbs. As a matter of fact we 

^ Cy. ** Die Organization der Trilobiten aus ihren lebenden Verwand- 
ten entwickelt," and further the historical review given by Walcott in 
his paper, **The Trilobite. Old and new evidence relating to its 
organisation." 
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now know that the Trilobites had ambulatory limbs 
(see Fig. 51). The two sorts of limbs are, as we 
shall see, but different modifications of the Anne- 
lidan parapodium. 

The Annelidan character of the outer form of the 
Trilobites is not so much disguised as at first sight it 
sepms to be. But for its large head-shield it might 
well have passed for a flattened Annelid. Anteriorly 
we have the crescent-shaped head, followed by a 
variable number of movable segments, and poste- 
riorly a number of more or less rudimentary seg- 
ments, often fused together to form a tail-plate. 

Taking the three parts separately, and deducing 
them from our primitive Crustacean-Annelid, we shall 
find that much light is thrown upon many hitherto 
obscure points in their organisation. 

(I.) The Head. — The Trilobite head is composed of 
the five anterior segments of our Annelid, bent round 
so that the mouth opens ventrally and faces poste- 
riorly, as described for Apus. The large labrum was 
originally the prostomium of the Annelid. Fig. 46 
is a longitudinal section through a Trilobite, which 
we had not seen till the first part of this book was in 
MS., and which afforded a most unexpected confir- 
mation of our argument. Anteriorly and dorsally 
the bending of the soft cylindrical body gives ris^to 
the glabella, as the characteristic swelling in the 
median line of the Trilobite head is called. This is 
the convex surface of the bent Annelidan body, and 
is retained only in the Trilobites. In Apus it is 
completely disguised by the growing together of the 

r 2 
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frontal ridge and the dorsal shield, but it is always 
more or less visible in the Trilobites, which formed no 
such dorsal fold. Round the glabella is developed the 
remarkable crescent-shaped ridge which runs round 
the front of the head, such as we found in Apus as a 
prolongation of the lateral edges of the shield. In the 
Trilobites, this ridge is often very pronounced, form- 
ing a wide margin round the head, with horns some- 
times stretching back far beyond the posterior end of 
the body (see Figs. 47 and 57, p. 257). The origin 
of this ridge is probably to be sought in the folds 



Fig. 46. — Longitudinal section through Ceraurus pleurexanthemus (after Walcott), 
showing the intestinal canal and ventral membrane, and the bend in the head. 
Cf. Figs. X and 2. 

which would naturally arise ventrally and laterally in 
the bend of the soft body ; the bend is so sudden that 
we may well imagine the folds forming projecting 
angles at each side like the angles formed by the 
bending of an india-rubber tube. This comparison 
would be almost exact if we imagine the convex 
curve of the tube so stretched as not seriously to 
diminish the size of its lumen, as must have been the 
case in the bent Annelid to prevent compression of 
the viscera. That the sides of the angle of the bend 
did thus project we conclude from the position of the 
second antennae both in Apus and in Limulus, where 
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they lie outside the longitudinal line which joins the 
other limbs. The development of hard cuticular 
points, and thence of thorns on such lateral projec- 
tions, would be but a matter of time. From these 
points also the gradual development of the ridge 
round the front of the head can easily be imagined. 
In some Trilobites it remains quite inconspicuous, but 



in others, as already stated, it projects as a great 
shovel-shaped margin. We here find, then, the origin 
of all forms of the Crustacean shell, which we have 
deferred discussing till now ; we may summarise our 
conclusions as follows : 

Round these lateral projections, due to the bending 
of the cylindrical body, all the shapes of the Trilobite 
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head-shield play. We are inclined to think that the 
formation of the ridge round the front was the primi- 
tive variation, because of its great use as a belt-like 
shield round the unprotected head of the browsing 
animal, especially if it went hand in hand with the 
thickening of the cuticle of the frontal surface. 
The lateral processes and the frontal ridge thus 
formed the primitive head-shield of this whole group 
of Annelidan-Crustacea, and every form of shell- 
covering may have been developed out of this 
primitive shield. As a matter of fact we find almost 
every possible variation of this ground form. The 
cephalothoracic shield of Limulus is one form, 
due to its fusing with the two anterior trunk seg- 
ments. But by far the most important of all these 
variations was the development of this head-shield 
backwards over the trunk to form a cover such as 
that of Apus. We have already described (p. 15) 
the probable origin of this shell as a fold of the 
tergum of the fifth segment developed to carry thorns 
for the protection of the exposed dorsal surface, the 
head being bent round ventrally. A Trilobite, Acid- 
aspis Dufrenoyi (Fig. 48), shows us the neck-lobe 
developed into the kind of thorn -carrying fold we 
had imagined. Such a fold as that possessed by 
Acidaspis, if a little wider and carrying more thorns, 
could very easily develop backwards over the trunk 
into a shell fold, such as that possessed by the Apo- 
didae, the thorn-carrying function eventually giving 
way to that of forming a cover for the dorsal surface. 
But this is not the only form of shell which can be 
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derived from the primitive head-shield above de- 
scribed. The bivalve shells of the Ostracoda can 
also be deduced from the same by the clapping 
together of the two wings of the crescent-shaped 
ridge against the sides of the body as illustrated in 
F'g- S7i P- 257. When this crescent is large, owing 



Fig. iS.—AddaspisDulHnDyi (Ban-), Upper Silurian (aCttr Birnade, from Zittd's 
Handiuck). ShowinE the fald of Ihc skin cairyinc two prangs projecting 

to the great development of the shovel-shaped ridge 
round the front of the head, the lateral folding 
of these wings round the rolled-up body would yield 
a bivalve shell. Another obvious method of pro- 
ducing the bivalve shell is by the folding down of the 
edges of a dorsal shell such as that of Apus. These 
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two origins are, however, clearly quite different ; we 
shall find later that they help us greatly in under- 
standing the striking difference between the Ostracoda 
and the other Crustacea possessing bivalve shells. 

In the meanwhile the development of shells directly 
from the primitive head-shield seems to have taken 
place in two directions. 

(i) By the development of the posterior edge of a 
neck-lobe, or dorsal fold of the fifth segment, at first 
carrying the thorns, as shown in Fig. 48, and later 
forming a covering for the back. 

(2) By the growth and folding down of the wings 
or horns of the crescent-shaped head-shield against 
the sides of the body. 

To these two shell formations we shall however 
return in discussing the probable origins of the 
modern Crustacea. We shall also have again to refer 
to the importance of the formation of such shields 
protecting the whole body, and to the advantages 
which they offered over all the other variations of the 
head-shield. 

We conclude then that the shield of Apus was not 
the primitive formation ; the ground type was, we 
think, the head-shield, every variety of which we find 
in the Trilobites. Thus although, in Apus, we spoke 
of the ridge round the head being the prolongation 
of the lateral edges of the shield, strictly speaking the 
ridge and the shield were two independent develop- 
ments of the primitive Trilobitan head-shield, the 
former starting forwards from the lateral projections 
necessitated by the bending of the cylindrical body. 
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the latter the posterior development of the neck-lobe 
as shown in Fig. 48. 

(II.) The Trunk Segments, — The greatest difficulty 
in homologising these segments with Annelidan seg- 
ments is that we find the crescent-shaped head 
followed by segments repeating, in their pleura, the 
form of the head, whereas at first sight we should 
expect the head to be followed by a row of Annelidan 
segments as in Apus, Le, a continuation of the gla- 
bella alone, as was no doubt originally the case. The 
gradual acquisition on the part of the trunk segments 
of their highly developed pleura repeating the charac- 
teristics of the wings of the head is probably to be 
explained as follows : — As soon as the typical Trilobite 
head-shield became an important factor in the struggle 
of each species for existence, it would tend to appear 
earlier and earlier in the larva ; the Trilobite Nauplius 
would then be little more than a generalised Trilobite 
head with an anal segment. Between these two parts 
the segments were gradually differentiated, so that 
the characteristics of the head might very well make 
themselves felt in the development of the segments, 
and in this way spread gradually backwards to the 
posterior end of the body. This, indeed, we find to 
be the rule in many Trilobites ; the most specialised 
segments are immediately behind the head, while 
posteriorly they are more and more simple. In this 
way then the segments of the Annelidan trunk were 
gradually provided with the pleura characteristic of 
the Trilobites ; their pleura being segmental repe- 
titions of the lateral projections of the head-shield. 
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The variation in the number of trunk segments is 
also a point of no small interest. While some authors 
have tried to classify the Trilobites according to the 
number of the trunk segments, Barrande has shown 
that even within the same genus the number is quite 
inconstant, the different species varying greatly in this 
respect, in Olenus 9-15, Cyphaspis 10-17, &c. This 
is exactly what we find in the Apodidae, where the 
number of segments varies greatly : from 60-65 in 
A. cancriformis, to 40 in L. glacialis. We have already 
discussed the importance of this inconstant number of 
the segments in our argument that the Apodidae stand 
half way between the Crustacea, with their small con- 
stant number of segments, and the Annelida with 
their large inconstant number. But the argument has 
not the same weight here as it had in our endeavour 
to show that the Apodidae were very primitive 
Crustacea, because in the case of the Trilobites the 
fact is already apparent from their geological 
position ; still it is an important characteristic which 
they have in common with the Apodidae, and as 
such is so much positive evidence in favour of our 
argument that both are derived from the bent 
Annelid. 

(III.) The Pygidium is a more or less constant 
characteristic of the Trilobites. It is the posterior 
region of the body, composed of a varying number of 
segments fused together, so that the whole region 
forms a stiff plate, a sort of tail-shield answering to 
the anterior head-shield. The morphology of this 
pygidium has been as little understood as that of the 
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posterior end of the body of Apus ; our explanation 
of the one also explains the other. 

We find, in fact, almost the same as we find in Apus, 
that the posterior segments remain in an undeveloped 
or larval condition ; although the gradual tapering 
away and diminution in length of the segments is not 
visible in all species, yet where it is no longer visible 
it must be assumed to have secondarily disappeared. 
In some cases these rudimentary segments develop 
sufficiently to hinge upon one another and to bend 
in the sagittal plane, or perhaps the bending may 
have been effected as in Apus by the development 
of rings which do not correspond with true seg- 
ments. In very many cases, however, the segments 
are so rudimentary that they are unable to bend upon 
one another, and hence together form the stiff plate 
under discussion — the pygidium (see Fig. 50). We 
thus deduce the pygidium not strictly from fused 
segments but from segments too rudimentary to bend 
upon one another. 

It has been noticed as a somewhat remarkable fact 
that the trunk segments appear after the pygidium, 
the young larva consisting of the head and the pygi- 
dium, and between these two the thoracic segments 
are gradually interposed. This is a most interesting 
case of the shifting back on to the larva of important 
characteristics. The pygidium, being probably useful 
in the rolling up of the larva, is thus very early deve- 
loped, and is then analogous to the anal segment in 
the Trochophora larva, although morphologically it 
is composed of a number of rudimentary segments. 
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We have, as has already been pointed out by many 
authors, the parallel case of the Zoaa, in which the 
abdomen which is useful to the larva for swimming is 
developed before the posterior thoracic segments. 



egistas Hall (alter Walcotl), shovipg the well-dcvelopcd 
and Ihe gtadua] simpliAcaiion of [he timts from before back- 
C/. Frontispiece ; fi, pygidlum. 



The Limulus larva, in which the same thing occurs, is 
on this account called by Packard a Zoasa. 

Having mentioned this habit of rolling up, we may 
as well here point out that it also forms a link of 
connection between the Trilobites and the Crustacean- 
Annelid, it being easily explained as the perfection 
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of a very natural action which we may safely assume 
went hand in hand with the development of the 
primitive head-shield already described. At the 
approach of an enemy the forehead would be pressed 
against the ground, the thorns, if there were any on 
the posterior dorsal fold of the fifth segment, would be 
somewhat erected by the bending under of the head 
or humping of the back. In such simple movements 
we have the first step towards rolling up. 

This method of defence by rolling up is one of 
considerable biological interest (see Fig. 54). In one way 
it is a very perfect method of defence, but in another 
it is very fatal. Its perfection is clear from the periods 
of geological time through which the Trilobites lived ; 
its fatality in the fact that it admits of no further 
development. Hence the Trilobites, at least all which 
failed to develop shells, have died out, as unable to 
protect themselves from new and more powerful 
enemies, or from old enemies when these latter had 
once learned to overcome this method of defence- 
The development of shell folds, which, except in the 
case of bivalve shells, are clearly inconsistent with the 
habit of rolling up, render it unnecessary. They 
make it possible to develop new and more plastic 
methods of defence, to which we owe the preservation 
and the rich and varied development of the whole 
class of modern Crustacea. 



The Trilobite Limbs, — In spite of the great progress 
which has been made in our knowledge of the limbs of 
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the Trilobites, chiefly through the patient researches of 
Walcott, they are still shrouded in a certain amount of 
mystery. We believe that it will be found that our 
derivation of the Trilobites from a bent Annelid will 
throw considerable light upon the beautiful series of 
sections made by Walcott, by giving a new clue to 
the interpretation to be put upon them. 

One difficulty, for instance, which has been found 
in classifying the Trilobites with the Crustacea is the 
absence of any trace of limbs (/>. of antennae) in front 
of the mouth. This, however, from our point of view 
is no real difficulty. In reality the antennae of Apus 
are hardly in front of the mouth but in a line with 
it, and both are more or less rudimentary, from being 
caught in the angle of the bend. This same bend was 
equally sharp in the Trilobites (see Fig. 46). Why 
may not the antennae have been in this bend, and as 
rudimentary as they are in Apus i We shall try to 
answer this question in the following pages. 

We have, in Walcotfs restoration (see Fig. 50), 
posteriorly to the labrum, three small limbs with mas- 
ticatory processes, followed by a large pair of loco- 
motory limbs with especially large ventral parapodia 
for mastication. For reasons given above (pp. 44, 190) 
we homologisc these large locomotory limbs with the 
sixth pair of typical Crustacean limbs, i.e. with the 
first pair of trunk limbs. The three pairs of limbs 
anterior to these are therefore homologous with the 
mandibles and the two pair of maxillae of the typical 
Crustacean head. In front of these and behind the 
labrum, we have, in Walcott^s restoration (Fig. 50), a 
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space in which we think the antennEe should have 
been drawn. That they were present we have little 
doubt, probably somewhat reduced, as in Apus, and 
pointing backwards. Our reasons for thinking that 
there must have been two pairs of antennae as here de- 



Fia. 50.— Vcnlrai lurface of Calymene Senaria reslored by Walcott (rroin Ziltel). 
Assuming thai tht large pair of locomotory limbs are Ihe siilh or first Irunk 
limbs. The (wo pairs of antennx are missing— I hey should probably be drawn 
in on each side o( (he proslomiuni projecLing backwards, as in Apus. 

scribed, are two, apart, that is, from the general reasons 
founded upon our theory of their relationship to Apus 
through common descent from a bent Annelid. 

(i.) Figs, Si and 52 are sections passing through 
the prostomium (labrum or hypostoma) of two Trilo- 
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bites. In the second of these they are cut through 
along the line shown in Fig. 53. These transverse 
sections through the head and labrum certainly seem 
to indicate the presence of such antennae as we have 
described, at least they seem to show that there were 
appendages of some sort starting out sideways from 
each side of the labrum, just as in Apus. It is 
perhaps possible to interpret all these fragments of 
limbs shown in the sections, both those seen springing 
from th« sides of the labrum, and those scattered about 
the section, as parts of the limbs of the hind-body. 





Fig. 51. — Sections through Ceraurus pleurexanthemus (after Walcott) passing through 
the prostomium, showing traces of limbs springing out from each side of the 
same^ which we assume to be homologous with the antennae of Apus ; the 
fragments of limbs at the sides may be those of trunk limbs brought near the 
mouth by the rolling up of the animal. 

which when the animal is rolled up are naturally 
brought up to the mouth. This, however, does not 
seem to be so probable as our supposition, founded 
upon a comparison with Apus, that those actually 
starting from the sides of the prostomium are traces 
of true antennae, because : 

(2.) We think that, if the place assigned by 
Walcott to the three posterior head limbs is correct, 
some form of antennce must have been present^ if not as 
antennae then as mouth parts of some kind. Accord- 
ing to our theory, one of the chief advantages of 
the bending round of the anterior segments was the 
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possibility of using the parapodia as instruments for 
pushing food into the mouth ; and indeed, whether 
our theory is correct or not, we doubt if any case 
will be found of a Crustacean mouth without limbs 
as mouth parts closely bordering it, Walcott's restora- 
tion, given in Fig. 50, is therefore so far incomplete. 
The mouth, which is covered by the large labrum, must 
have had some kind of appendages bordering it on 
each side. When therefore we find clear traces of such 



(1— S«tions of CaJymepe SenaiLa (»fier Walcolt) passine through Ihe pro«o- 

e »asanie 10 be homoloproi wilh Ihe anlenna: of Apus ; Ihe frapnents of limbs 
t the tides may he ihose of trunk limbs brought near the moulli by ihe rolling 
p of Ihe animal. The seclion passe; along the lioe shown in Ihe next 



limbs in the sections (Figs. 51, 52), we think we arc 
justified in claiming them as such. 

It will no doubt be objected that these two reasons 
are only sufficient to show that there were limbs as 
mouth parts on each side of the mouth, near the 
labrum, but not that they were the homologues of the 
Crustacean antennze. This homology depends, it is 
true, upon the truth of our main argument that the 
Trilobites. like Apus, were originally bent Annelids, 
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and further, upon our homology of the large loco- 
motory limbs with the first trunk limbs ; to . this 
latter point we shall return. In the meantime 
we assume that these two reasons, taken tc^ether 
with our whole argument, are sufficient to establish 
the fact that the Trilobites possessed two pairs of 
antennae like the Apodidse and the typical Crus- 
tacea. 



When now we come to ask how these antenna 
were developed, we can only conjecture that in some 
way or other they must have supplied the opening of 
the (esophagus with jaws, or perhaps with simpler 
instruments for pushing in food. It is improbable 
that the first antennae should develop their ventral 
parapodia as jaws, firstly because it is almost certain 
that the original Annelid-Crustacean had already lost 
all traces of the parapodia of the first segment, the 
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first antennae being simply sensory cirri ; and secondly 
because in no other group of early Crustaceans do 
the anterior antennae show any traces of ventral para- 
podia as masticatory ridges. In Eurypterus, where 
the method of life we attribute to the animal would 
certainly have developed them into jaws had it been 
possible, they almost entirely disappear. On the other 
hand, we have examples of the second antennae 
developing their ventral parapodia as masticatory 
ridges, not only in Limulus but also in Eurypterus. 

We are thus disposed to complete Walcott's resto- 
ration by adding a small pair of anterior antennae 
on each side of the labrum, and a pair of posterior 
antennae, developing, probably as their most important 
part, a pair of jaws strong enough, if not to crush and 
destroy, at least to push food into the opening of the 
oesophagus ; whether the sensory part was developed 
or not is not so easy to decide. 

It may be noticed that it was not so necessary for the 
Trilobites to have large crushing jaws under the 
labrum, as the masticatory ridges of the first trunk 
limbs were, as in the Eurypteridae, highly developed 
to function as chief mandibles. The crushed food 
would have to be forwarded towards the opening 
of the oesophagus, and then pushed in by special 
appendages at the sides of the opening. This 
point is almost as interesting from a biological as 
from a morphological point of view. We have 
already had two entirely different combinations of 
head appendages as jaws. In Apus, the third and 
fourth head limbs form the mandibles (or chief 

Q 2 
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jaws) and maxillae. In Limulus we have five pairs 
of nearly equally important jaws, on the four last 
head, and first trunk, limbs. In the Trilobites we 
find the mandibles, or chief jaws, between the 
first trunk limbs, and masticatory ridges for pushing 
the food into the mouth, as in Limulus, on the four 
posterior head limbs. In the Eurypteridae we shall 
find further combinations. We may perhaps find 
in these different attempts to develop the best 
arrangements of mouth parts almost as important a 
factor in the development of the class of the Crustacea 
as we think we have found in the development of the 
shield. There can be no doubt that while it offered 
some advantage to use the ventral parapodia of the 
most powerful limbs as jaws, this must have been 
attended by certain disadvantages. To this important 
subject we shall return. 

We repeat hefe what we said on p. 43, that we might 
with some safety establish a rule that the closer the 
forehead was pressed against the ground the less likely 
would the antennae be to function as antennae ; they 
might either degenerate as they have done in Apus, 
and, according to Walcott's restoration, in the Trilo- 
bites, or they might function as seizing organs or mouth 
parts, as in Limulus. We shall have occasion later to 
see the converse of this rule, and shall find that the 
raising of the head leads not only to the further 
development and pointing forwards of the antennae 
as sensory organs, but also to the travelling of the 
antennae themselves towards the anterior end of the 
body, an advantage for the animals which has enabled 
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them to hold their own to-day, whereas Limulus and 
Apus are probably the only surviving Crustacea which 
retain the original position of the Annelidan antennae. 

As above pointed out, our interpretation of the head 
limbs of the Trilobites rests largely upon our homo- 
logising the large locomotory limbs with the sixth 
pair of Annelidan parapodia, or with the first trunk 
limbs of the Crustacea. Our adoption of this large 
locomotory limb throughout all the primitive Crus- 
tacea as the first trunk limb, for reasons given p. 44, 
receives some support from Walcott's restoration, 
where it lies behind the line which runs from side to 
side, through the widest part of the head, which is 
morphologically the line round which the body bent. 
We have already seen, further, that Limulus — and we 
shall see that the Eurypteridae, with some exceptions — 
not only possessed the two pairs of antennae, but also 
the large locomotory limbs as the sixth pair, />. 
the first pair of trunk limbs. 

It should be mentioned that so far as these con- 
clusions are based on the few sections published 
in Mr. Walcott's paper, his conclusions are undoubt- 
edly of much greater value than ours, inasmuch as 
they were based upon a much more extended study 
of sections, and of the whole Trilobite problem. We 
have, however, to set, as against this, our claim to have 
found in Apus a key to the true understanding of 
the morphology of all these primitive Crustacea. 

The form of the trunk limbs in the Trilobites docs 
not at first sight admit of any close comparison with 
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those of either Apus or Limulus, but by closer study, 
and by referring them back to the original Annelidan 
parapodia, their common origin becomes evident. 

m 

We find the limbs much specialised, the habits of 
life of the animal leading to certain modifications. 
In the first place, the creeping motion along the 
ground required the development of legs.. In the 
second place, the habit of rolling up requires that 
the limbs should take up as little room as possible, 




FiG. 54.— Restored transversed section through Calymene Senaria (after Walcott), 
showing the spiral gills, the exopodite (= the sensory cirrus of the dorsal para- 
podium), the endopodite, or ambulatory foot (^= the dorsal parapodium), and the 
thi^h piece or coxal joint, the ventral projection of which corresponds with the 
ventral parapodium, cf. Fig. 49. 



first, to render the rolled-up attitude mechanically 
possible, and second, in order that as much of the 
respiratory medium as possible may be enclosed. 
The special form of the limbs can thus be under- 
stood. We find (Fig. 54) a large basal joint, the 
inner ventral part of which is almost certainly to be 
homologised with the ventral parapodium of the 
Annelid. This again originally functioned as a 
gnathobase or accessory jaw for the holding and 
forwarding of food to the mouth, i.e, on a certain 
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number of limbs not too far from the mouth. It 
was, no doubt, as in Apus, much reduced in other 
parts of the body, in order not to occupy much 
space. 

The ambulatory limb, if our homology is correct, 
was the prolonged tip of the dorsal parapodium, and 
thus homologous with the endopodite of other Crus- 
tacea. The exopodite was the sensory cirrus ; and 
here, no doubt in correspondence with the needs of 
the animal, it retained its position close to the gills, 
and its filiform shape ; it did not travel along the 
prolonged dorsal branch of the parapodium, or 
develop into a rowing flabellum as in Apus. The 
modification of the gills into spirals, &c., is also very 
easily explained on the grounds given above. The 
animal required respiratory organs which afforded as 
large a respiratory surface as possible while occupy- 
ing the smallest possible space, such respiratory 
organs being essential to the habit of rolling up. 

Before dismissing the subject of the form of the 
Trilobite limbs, we wish to return for a moment to 
Burmeister's assumption, that if the Trilobites were 
related to Apus they must have possessed Phyllopo- 
dan limbs. This, however, is by no means necessary. 
What is generally known as the typical Phyllopodan 
limb is but one of the ways in which the Annclidan 
parapodium developed, the Trilobite ambulatory leg 
being another and quite independent modification 
the parapodial type being visible in both. The 
modifications arc due to adaptations to the different 
manners of life adopted by the different groups. 
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The development of the ventral parapodium into 
mandibles and gnathobases is a common specialisa- 
tion in all the groups, this being the most primitive 
modification according to our deduction of the Crus- 
tacea from a carnivorous Annelid, which caught prey 
between its ventral parapodia and for^varded it on into 
the mouth, bent round to receive it. The dorsal para- 
podia, being chiefly used for locomotion, have how- 
ever been differently developed according to the 
different methods of locomotion adopted. In Apus 
they are specialised as rowing plates (except a few 
anteriorly for raking prey together), in the Trilobites 
as ambulatory legs. The former modification requires 
no description ; it results simply in a further develop- 
ment of the flat leaf-shaped parapodia, the sensory 
cirrus alone, perhaps, requiring to change its form 
from a cirrus into the flat flabellum. The ambulatory 
leg of the Trilobitc may be supposed to have arisen 
as follows. A strip running from the tip of the 
parapodium, where it rested on the ground, to the 
body, would tend to be strengthened, and would 
eventually bear the weight of its share of the 
body. On each side of this strip the leaf-like para- 
podium would be useless, and would gradually dis- 
appear, this disappearance being accelerated in the 
Trilobites by other and special causes which we have 
already described, such as the necessity of having limbs 
which, in the rolled-up body, would occupy as little 
space as possible. Thus we may safely assume that 
the parapodia, if used for walking or crawling, would, 
by a simple biological law, turn into ambulatory legs. 
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The question as to whether the leaf-like feet per- 
sisted at the hinder end of the body is an interesting 
one. We have no certain data on the subject, but, 
from our point of view, we do not think it at all 
probable. We have seen that in Apus even the most 
rudimentary limb repeats the Phyllopodan type. We 
are also inclined to believe that the more rudimentary 
Trilobite limbs would naturally repeat the Trilobite 
ambulatory type. The presence of flat leaf-shaped 
limbs in the Eurypteridae and Limulus, accompanied 
by highly specialised anterior limbs, may perhaps be 
used as an argument in favour of their presence in 
the Trilobites also. On the other hand the highly 
developed gills on the trunk limbs of the Trilobites 
rendered it unnecessary to concentrate respiration on 
a few broad gills at the posterior end of the body as 
in Eurypterus and Limulus, which in this respect 
compare with some modern Isopoda. 

The first trunk limb, according to Walcotfs 
restoration, has both its locomotory dorsal branch 
and its masticatory ventral branch specially strongly 
developed (see Fig. 50). It is, in some respects, very 
natural that the masticatory ridge of a powerful 
locomotory limb, if it possessed any function at all, 
should gradually come to be the chief jaw, as we 
shall sec to have been the case also in the Eury- 
pteridae ; the disadvantages of this arrangement will, 
however, be pointed out later. 

Wc have already shown why the first trunk limb, 
being the parapodium of the first free segment, not 
taken up in the formation of the head, should be 
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highly developed. The use of such a specialised 
limb in the Trilobites, however, is difficult at first 
sight to see. In Apus we find it developed as a 
sensory organ on the principle of the division of 
labour. In the Trilobites it is clearly locomotory, and 
as such seems rather out of place among the smaller 
and less powerful crawling legs of the other trunk 
segments. In discussing the manner of life of Eury- 
pterus and Pterygotus, we shall find that they throw 
some light on the probable use of this limb in the 
Trilobites. 

It is especially interesting to find the gradual 
simplification of the limbs from front to back, 
which is evident towards the posterior end of the 
body (Fig. 49, cf. with the Frontispiece). There can 
hardly be any doubt that the gradual dwindling of 
the limbs in the Trilobites admits of the same 
explanation as a similar dwindling of the limbs in 
Apus. Such a singular morphological occurrence, 
in two animals so like in other respects also, can 
hardly be a case of analogy. 

The Eyes. — Packard has shown that the hard part 
of the eyes of Trilobites, which alone have been pre- 
served in the fossils, are identical with those of Limu- 
lus. As we have already seen in discussing the eyes 
of Apus, we consider the eye of Limulus as a more 
primitive stage in the development of the Crustacean 
eye out of the Annelidan eye-spots. In this respect 
Apus is more highly developed than both Limulus 
and the Trilobites, as indeed we should expect from 
its free-swimming life. 
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The Alimentary Canal has already been referred to. 
It has the very pronounced bend on which we lay so 
much importance (see Fig. 46). Although we think 
our proof is not much weakened by our not finding 
any traces of the sternal plate, still it would be 
interesting if it were to be found, as it must without 
doubt have been there, ix. if there is any truth of our 
deduction of these animals from bent Annelids. The 
habit of rolling up would lead to a strong development 
of the ventral muscle bands, and consequently of this 
sinewy mass for their attachment {cf, p. 261). 

We think, then, that we have here made it highly 
probable that if our deduction of Apus from a bent 
carnivorous Annelid holds, the Trilobites must have 
had the same origin. This fact, that the most primi- 
tive Crustacean known to the palaeontologist should 
show so many points in its organisation directly 
deducible from the Annelids, i,e, deducible after the 
Apodidae have supplied us with the key to their cor- 
rect interpretation, is one of those confirmations of a 
theory which we think amounts almost to a demon- 
stration. 

The Trilobites, then, are nothing but specialised 
carnivorous Annelids, browsing under cover of the 
dorsal integument, which, starting from the head- 
shield, gradually spread out like a flattened jointed 
roof, covering all the segments. Every imaginable 
variation in the sculpture of the surface of this roof, 
and in the thorns for its protection, are to be met 
with in the Trilobites. 
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This development of great multitudes of armoured 
browsing carnivorous Annelids in the palaeozoic seas, 
supplies us with abundant matter for biological specu- 
lation. It was perhaps in defence against these 
powerful marauders that so many Coelenterata per- 
fected their nematocysts or stinging cells, that the 
Corals built their stony ramparts, and that many of 
the Mollusca developed their shells. It may indeed 
have been the perfection of these defences which 
led to the dying out (with the exception of Limulus) 
of these early Crustacea, especially of the giant forms. 
Whatever the cause, all except Limulus, the Ostra- 
coda, and the Apodidae (looked upon as the 
racial form of all other existing Crustacea) gradually 
died out. 

The first and the last of these still fortunately retain 
the clearest traces of their origin, and, more or less 
modified, the browsing habit of life. 



SECTION XIV 

The EURYPTERIDi^ 

This last group of the Gigantostraca need not 
detain us long. By the general consent of all the 
zoologists who have recently studied these animals, 
they are classed with the Xiphosuridae and the 
Trilobites. The exact relationship, however, has not 
hitherto been very clear ; we now find it in their 
common origin from our Crustacean-Annelid. 

We have imagined our Crustacean-Annelid develop- 
ing first of all a kind of crescent-shaped protection for its 
bent head, arising primarily from the lateral projections 
due to the bending of the cylindrical body. This 
shield develops in almost every possible way. In the 
Apodidae it forms a dorsal fold to cover the rest of 
the cylindrical and unprotected Annelidan body ; in 
the Ostracoda it forms the bivalve shell in a way to 
be described later, or it gives rise, as described on p. 
217, to the flat jointed dorsal roof extending over 
the whole body in the Trilobites and the Xiphosuridae. 
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In the Eurypteridae, however, even this primitive 
head-shield seems wholly or almost wholly to have 
disappeared, and the flattened Annelidan segments 
relied almost entirely upon the stronger development 
of the exoskeleton for protection. Like the Xiphos- 
uridae, they developed comparatively few segments, 
ending in a caudal spine or plate. In this limited 
number of segments they show considerable special- 
isation. The whole structure of the animal is clearly 
adapted for a free-swimming life, the first trunk limbs 
forming powerful oars. 

The limbs develop as Crustacean limbs only on the 
head and first trunk segment ; on the other trunk seg- 
ments they remain leaf-shaped, Le, more like the 
original Annelidan parapodia. The gill portions of 
these limbs may have had their surfaces increased by 
means of numerous integumental folds like the leaves 
of a book, as in the Xiphosuridae. 

We feel some confidence in the following homology 
of the head limbs, because we have learned, from all 
the groups hitherto discussed, that the large rowing 
limb is probably the first trunk limb ; we need not 
here repeat the reasons already given for this conclu- 
sion. All that lies in front of these large rowing 
limbs therefore represents the head. 

Before, however, attempting to examine the parts 
in detail, we are at once struck by the difference 
between the heads of these animals and those of the 
Apodidae, Limulus and the Trilobites. The mouth 
parts are in fact so specialised that it is not easy to 
compare them with those of the above-named groups. 
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The head limbs are different in the two groups, 
Pterygotus and Eurypterus (see Figs. 55 and 56). 
They are, however, only different modifications in 




Fig. 55.— Pterygotus Osiliensis, upper Silurian, after F. Schmidt (from Zittell), show- 
ing five pairs of cephalic limbs, the enormously developed first pair of antenna, and 
first trunk limbs in which the dorsal and ventral parapodiaare greatly developed 
as locomotory and masticatory limbs respectively. The second pair of cephalic 
limbs sometimes disappear, as in Pterygotus Anglicus Agassiz. 

adaptation to slight differences in the manner of 
life. Judging from the forms of these remarkable 
animals, we think the following method of explain- 



1 
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ing the modifications they show will not be far 
wrong. 

The earliest Crustacean-Annelids possessed large 
labra or pro^omia projecting backwards, still retained 
in the Apodidae and Trilobites. This labrum almost 
necessitated a very deliberate manner of browsing. 
The animal would creep along, and would have to run 
some way over its food before it could get it into its 
mouth, the whole process, it seems to us, necessitating a 
number of small movements backwards and forwards. 
Small living prey would very often escape, owing 
to the fact that the animal's mouth and jaws were 
not ready in position for them when first perceived. 
The labrum necessitates the animal passing forwards 
over its prey, then darting backwards to follow it with 
its jaws. We here see how useful the gnathobases of 
Apus must be in catching and holding prey which 
has been thus passed over. Indeed the whole arrange- 
ment of the limbs of Apus with the sensory endites, 
forms an excellent trap to catch prey over which the 
labrum has passed. The legs and pleura of the 
Trilobites, and the large vaulted shield of the Xiphos- 
uridae may serve the same purpose, although in the 
latter case the labrum is much modified. In this re- 
spect, however, the Trilobites were not so well equipped 
as are the Apodidae ; hence perhaps the development of 
the large locomotory limb, which enabled the animal 
to dart backwards after prey thus run over, with great 
rapidity. We here see the use of the two kinds of 
limbs figured in Walcott's restoration, ambulatory 
crawling limbs for slow and deliberate forward move- 
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merits, and one pair of springing limbs for short 
sudden dartings backwards. 

It is clear, then, that the possession of these large 

labra was attended with certain disadvantages in 

feeding. It is therefore not improbable that some 

of these primitive Crustaceans should show various 

modifications. Smaller upper lips being an advantage, 

the labra might almost disappear, so that the opening 

of the mouth would be ready for its prey as soon as 

it came in a line with it.^ A natural concomitant 

change in the under lips would also take place ; 

they would develop into the large metastomata found 

in the Euryptcridae, which clearly helped to prevent 

prey slipping past the mouth as the animal darted 

forwards. The more rapid the forward dart after 

prey, the larger should the mctastoma be ; otherwise 

prey once shot over would be almost sure to escape 

before the animal could turn round ; the animals 

have no trap-like arrangement of trunk limbs in 

which prey could be caught. We do not, it is true, 

find from comparing Figs. 55 and 56 that the larger 

rowing limb is accompanied by the larger lower lip, 

still we think the above reasoning to be correct, and 

that other factors, such as the higher development of 

the sensory organs, compensate in this case for the 

^ On p. 40 we discussed the origin of the division in the under lip of 
Apus so that it should not form a barrier to the pushing of food forwards 
into the mouth. We now see that the divided upper lip of some Trilobites 
there referred to (and well illustrated Fig. 49, p. 220), was also probably 
intended to shorten the way into the mouth, only in this case round the 
labrum from in front. The three small pairs of posterior cephalic limbs 
may have assisted in this latter process. 

R 
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comparative smallness of the metastoma. Thus then 
the entrance to the mouth may have come to have 
almost an anterior-ventral instead of a posterior- 
ventral aspect. This explains the enormous man- 
dibles developed by the ventral parapodia of the 
first trunk limb. In Pterygotus, Fig. 55, we have, in 
fact, an arrangement almost exactly the opposite of 
that found in the other primitive Crustaceans ; the 
under lip forms the analogue of the upper lip, 
the masticatory ridges of the first trunk lirhbs are 
analogous to the mandibles, while those of the four 
posterior head limbs probably function as maxillae, 
their dorsal parapodia doubtless helping in the catch- 
ing and holding of prey. And lastly, the first antennae 
developed into large chelate feet. It is almost as if we 
had the typical mouth formula of a modern Crustacean 
turned quite round. 

These changes clearly went hand in hand with the 
acquisition of more rapid motion in feeding. A spring- 
ing or darting movement forward is most suitable 
for an arrangement of mouth and jaws facing ante- 
riorly, for the sudden seizure of the prey which 
comes in the way. Further, it seemed to us that 
the more rapid the movement the more delicate 
should be the sensory organs for the rapid percep- 
tion of what was food and what was not. A com- 
parison of the rowing limbs of Eurypterus and 
Pterygotus quite confirmed this supposition, and lent 
unexpected support to this method of explaining 
the morphology of these animals. Eurypterus (Fig. 
56), which has all its anterior head limbs developed as 
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highly sensitive antennae, has larger rowing limbs in 
proportion to the size of the body than Pterygotus 
(Fig. 55), which does not seem to be so well provided 
with such organs. The latter animal moved more slowly 
and caught its prey with its powerful pincers. The 
former darted forward with great rapidity and caught 
its prey at once between its numerous jaws. 

We consider then the Xiphosuridae as early Trilobites 
specialised for slow deliberate browsing ; the Eury- 
pteridae on the contrary for a rapid darting method of 
capturing prey. That the Trilobites did employ the 
springing movement which we have here assumed 
purely on morphological and biological grounds, has 
been lately confirmed by the discovery of a Trilobite 
track, which, according to Ringueberg the discoverer, 
could only have been produced by a series of 
jumps.^ 

This description of the manner of life of these 
animals (the Eurypteridae) renders it not so necessary 
to describe the limbs of the two animals ; still, as there 
are points of great interest in their morphology, a 
short account of them will not be out of place. 

Taking Pterygotus first, we have the first antennae 
developed into long chelate seizing feet, like the first 
antennae of Limulus, but much more highly developed. 
The analogy of the Scorpionidae will at once suggest 
itself, where for the same purpose the palps have 
developed in the same way. These chelae of Ptery- 
gotus were probably richly provided with sensory 
hairs, since the limb on which they were developed 

^ Proc. American Association, 1886. 

R 2 
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was, as a sensory limb, richly innervated. The eyes 
also seem to have been highly developed. 

The following four limbs, which correspond with 
the second antennae, mandibles, and first and second 
maxillae of Apus and of the other Crustacea, resemble 
the ordinary Trilobite limbs. Their dorsal branches 
probably functioned as palps or tasters, as perhaps 
was the case in the Trilobites, or perhaps as limbs 
for holding prey brought by the chelae in the right 
position for the mandibles to crush, just as the fore 
legs of a caterpillar hold the leaf in the best position 
for the jaws to work upon it, only in this latter case, 
of course, the jaws lie in front of the legs instead of 
behind them. 

The masticatory ridges of these four limbs probably 
functioned as maxillae, but, as already mentioned, lying 
anteriorly to the mandibles, not posteriorly as in all 
modern Crustacea. 

The first trunk limbs have already been mentioned 
as large rowing limbs. It was in one sense natural 
that the powerful limb should also develop a powerful 
ventral parapodium functional as a jaw, but the union 
of the two functions is not easily comprehensible, and 
we are more than ever inclined to think that the two 
may have been separately articulated with the body. 

The limbs of Eurypterus differ markedly from those 
of Pterygotus. In front of the large rowing limb, i,e. 
the first trunk limb, wc have only four limbs visible in 
the figure, all of these appearing to be sensory, and 
thus affording a striking contrast to the head limbs of 
Pterygotus, none of which appear, at first sight, to be 
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sensory. From our point of view, according to which 
the large rowing limbs belong to the first trunk seg- 
ment, we should have had to conclude that one pair of 
limbs had disappeared. Such a supposition is however 
not necessary, as F. Schmidt has found and described 




Fig "je — Eurypterus FischeriEichw. : Upper Silurian, natural size, after F. Schmidt 
(from Zittel's Handbnch der Palceontologie). Between the first pair of feet, 
Schmidt found a fine pair of feelers, corresponding with the Antennules of the 
other Crustacea. ^ 

a pair of rudimentary antennae between the first pair, 
so that Eurypterus possesses the typical number of 
head appendages. It is a fact generally accepted that 
the pair of large rowing limbs corresponds with that 
of the sixth segment. There is, however, no general 
agreement as to whether these first six segments form 
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a head or a cephalothorax. Our homology of the large 
limb with the first trunk limb, throughout all these 
primitive Crustacea, shows that the six segments of 
the Eurypteridae form a cephalothorax, and not only 
a head. 

This degeneration of the anterior antennae in 
Eurypterus is hardly what we should have expected 
theoretically. The rapid forward movement for feed- 
ing would seem to require highly developed antennae 
pointing forwards. We attribute it to the fact that 
the manner of life of the animal, as above described, 
required that the sense of touch in a limb should be 
immediately followed by an act of seizing, by means 
of its masticatory ridges. The anterior antennae had, 
however, entirely lost the power of developing their 
parapodia even in the original Crustacean-Annelid, 
and thus became of very secondary importance in the 
life of Eurypterus. 

As to the other limbs of the head, Eurypterus 
resembles Limulus in having the masticatory ridges 
on the last four head limbs and the first trunk limb well 
developed, and working as jaws round the mouth, which 
was apparently not the case in Pterygotus, where the 
importance of the masticatory ridges of the first trunk 
limb over those of the head limbs was very evident. 
The exact morphology of the limbs themselves it is im- 
possible to describe with certainty; it is not improbable 
that those of the head, in Eurypterus, are the sensory 
cirri alone of the original parapodia. We see no reason 
why this should not be the case. Nature seems to 
delight in every possible variation, and indeed in the 
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limbs of the modern Crustacea we have almost every 
possible combination of the parts of an Annelid para- 
podium. We have, for example, the sensory cirrus 
alone in the antennae, the gills alone in many Crustacea 
{e.g. Caprella), the dorsal parapodia alone in the 
ambulatory limbs of the Decapoda, the ventral para- 
podia alone in the mandibles, and all these parts 
together in the typical Phyllopodan limb. Other 
combinations, such as the dorsal parapodium with the 
sensory cirrus, the dorsal parapodium with the gill, 
will no doubt suggest themselves to the reader. 

What was said above as to the first trunk limb of 
Pterygotus applies equally well to the first trunk limb 
of Eurypterus. We may further add that their 
form as rowing limbs is just what is required to give 
the animals the forward darting movements which we 
have assumed to have led to the modifications of 
their mouth parts. Whether they kept up a continual 
rowing motion like the common free-living Copepoda, 
or lurked at the sea bottom to dart out in pursuit of 
prey which happened to come within reach, it is 
difficult to say ; we incline to the latter as the more 
probable habit of life. 

Again, as already described, the use of the large 
lim.b in the Eurypteridae throws some light on that 
made by the Trilobites of their large first trunk 
limb. It functioned as a kind of springing foot to 
supplement the more deliberate method of crawling. 
The animal kingdom supplies us with many ex- 
amples of special arrangements for such a sudden 
and more energetic method of locomotion, developed 
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in animals whose ordinary progression is slow and 
deliberate. 

In our general account of the probable manner of 
life of these animals we have described the change 
which we think took place in the upper and lower 
lips, the former almost disappearing, while the latter 
develops into a large fold projecting anteriorly, and 
bearing exactly the same relation to the masticatory 
ridges of the first trunk limbs as the labrum of Apus 
does to the mandibles, only pointing exactly in the 
opposite direction. The position of this metastoma 
corresponds exactly with that of the under lips of 
Limulus. This fact seems to suggest that this was 
also the position of the under lips in the Trilobites. 

The leaf-shaped abdominal limbs we have already 
mentioned as undoubted links between these animals, 
Limulus, and our bent Annelid. 

We must now leave these highly interesting animals, 
which in point of size reached the highest develop- 
ment of all the Crustacean descendants of our car- 
nivorous Annelids. The exact relationship of the 
group to the Trilobites and the Xiphosuridae, and to 
one another, we cannot pretend to settle. It must be 
left to those who have made the special morphology 
of these fossil forms a life-long study. We must con- 
fine ourselves here to the suggestion made above, that 
the Xiphosuridai and Eurypteridae are early Trilobites 
modified for two different and opposite methods of 
feeding. We shall be more than satisfied if we have 
been able to contribute something to our knowledge 
of the groups, by tracing their origin to the Annelids. 
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In bringing to a close these comparisons of the 
fossil Crustacea with Apus and with our Crustacean- 
Annelid, it may be interesting to see, set out in a 
table, the various ways in which the parapodia in the 
first six Annelidan segments have been developed — a 
representation of the attempts of Nature to find the 
best combination of head and mouth parts. 

The limbs used as jaws are in larger type, so that 
the different masticatory arrangements may be seen 
at a glance. 

A study of this table shows us that all the animals 
which retained the early primitive arrangement of 
crushing the food between the ventral parapodia of 
the first trunk limbs, which were the strongest in the 
body, have, with the exception of Limulus, died out. 
It is not difficult to see that it is a great advantage to 
have the mandibles as close to the opening of the 
oesophagus as possible, otherwise the greater part of 
the juices of the crushed animal would be lost before 
it could reach its destination within the oesophagus of 
its devourer. The enormous metastoma or under lip 
of the Eurypteridae may have been partly an attempt 
to avoid this loss. It does not seem improbable, 
therefore, that the ultimate selection of the third pair 
of ventral parapodia as mandibles may have assisted 
in leading to the survival of the modern Crustacea. 
On the other hand, the enormous growth of some of 
these ancient forms (Pterygotus anglicus sometimes 
being more than a metre in length) shows that they 
did not apparently suffer from lack of nourishment on 
account of the arrangement of their jaws. When, 
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therefore, we ask why these animals died out, in spite 
of their having acquired the habit of free swimming, 
we can only suggest that the very perfection of their 
specialisation may have been fatal to them ; the line 
of their development ended in a cul-de-sac. They 
were not plastic enough to adapt themselves to some 
great change or other which took place in their sur- 
roundings, such as the perfection of the protective 
arrangements of their prey, and consequently died 
out. The theory which deduces the Arachnida from 
them through the scorpions seems to us to be 
very improbable in the face of this extraordinary 
specialisation. But to this important and interesting 
discussion we shall return in a final section dealing 
with the other division of the Arthropoda, viz. the 
Tracheata. 



SECTION XV 

On the New Classification of the Crustacea 
necessitated by the theory 

Our work is so far finished. We endeavoured first 
of all to show that Apus was easily derivable from a 
bent carnivorous Annelid. If this was really the case, 
we at first concluded that Apus must be the primi- 
tive Crustacean. In order to test this, we appealed 
to such an archaic form as Limulus, which is still 
extant, and to the palaeozoic Trilobites and Eury- 
pteridae. These have offered unexpected confirmation 
of our theory, amounting, as we have said above, to 
a demonstration. But at the same time we have had 
to modify our conclusion that Apus was the primitive 
Crustacean, these forms not being derivable from 
Apus, but rather from the same bent Annelids. 
This accounts, at the same time, for their remarkable 
resemblances and for their many differences. 

Besides the palaeozoic Crustacea which we have 
so far mentioned, viz. the Trilobites, Xiphosuridae, 
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Eurypteridae, and Phyllopoda, there occur numerous 
remains of Ostracoda and Cirripedia. If we can 
in any way connect these latter with the above 
named, we shall have solved the difficulty expressed 
by Barrande and felt by many, that the Crustacea first 
appear in the geological record in several widely dif- 
ferent groups, almost simultaneously, and without any 
transition forms either leading up to them or linking 
them together. Our derivation of the former groups 
from bent Annelids with no hard chitinous skeleton 
which could have been preserved, explains the 
sudden appearance of these groups. We have still 
then to show that both the Ostracoda and the 
Cirripedia are deducible from these forms. As, how- 
ever, these two groups have modern representatives, 
we shall treat them in order among the other living 
forms. 

We have then to ask the question. From which of 
these primitive Crustacean forms did the modern 
Crustacea arise ? For some groups, fortunately, 
the answer is clear ; as to others, however, we can 
only guess. 

The attempt which we here make to sketch out a 
new classification of the Crustacea must be understood 
to be quite provisional. In establishing the bent 
Annelid as the origin of the Crustacea, we have done 
nothing more than lay the foundation stone for the 
construction of a complete and final classification of 
the Crustacea, including, for the first time, the hitherto 
enigmatical palaeozoic forms. It is, however, as 
completely out of the sphere of this book as it is 
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beyond the abilities of the writer to attempt to carry 
this out in detail. 

In arranging the Crustacean groups, we propose 
to ignore the usual division into Entomostraca and 
Malacostraca. The Entomostraca we take to mean 
all those groups which do not clearly belong to the 
natural group of the Malacostraca. We therefore 
prefer to divide the class into Phyllopoda, Malacos- 
traca, Copcpoda, Cirripedia, and Ostracoda. From 
what follows it will be seen that we divide these five 
into three groups, the first consisting of the Phyllo- 
poda and Malacostraca ; the second, of the Copepoda 
and Cirripedia ; and the third of the Ostracoda. We 
believe that the first group is derived from the 
Apodidae, the second from a larval Apus, and the 
third, at least partly, from a Trilobite. This group- 
ing, however, requires considerable investigation 
before it can be definitely accepted. We leave it to 
others who have made the different groups of the 
Crustacea their special field of research to carry it 
out in detail. We confine ourselves here to giving a 
diagram representing the way we propose to construct 
a natural order of the Crustacea based upon our 
theory. We can, unfortunately, offer but little in 
the shape of proof of this new classification, and 
must content ourselves with appending a few discon- 
nected notes on the different groups, which tend to 
support our views. 

Taking the groups in the order in which they 
occur in the diagram from left to right, we may at 
once dispose of the Eurypteridai and the Xiphosuridae. 
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From the Trilobites, however, we are inclined to 
deduce at least a part of one important group of 
modern Crustacea, the Ostracoda. We think it 



Litntilus Ostracoda Cirripedia Cc^epoda Apus Phyllopoda Malacostraca 
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The Crustacean Annelid 



Proposed eenealogy of the Crustacea. It will be seen from the text that though we 
have here given only one root for the Ostracoda it is probable that they have 
had at least a twofold origin. 



probable that the Crustaceans in question may be 
deduced both from Trilobites and Phyllopods. The 
strong likeness between these early forms, especially in 
their larval stages, now perpetuated in the Ostracoda, 
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accounts for the general resemblance of the latter to 
one another. 

THE OSTRACODA. 

These animals occur in company with the Trilobites 
in the very oldest fossiliferous strata. Balfour sug- 
gested that they may have had an origin independent 
of that of the other Crustacea. As, however, we find 
them possessing the bent intestine, clear traces of the 
entosternite, the paired and the unpaired eye, we 
must, according to our theory, deduce them from our 
bent Annelid. 

There are two ways in which the origin of the 
bivalve shell may be explained : either (i) that 
shown in Fig. 57, where it arises simply by the 
folding together of the horns of the crescent-shaped 
ridge round the front of the head, or (2) when it arises 
through the folding down of the two halves of a 
dorsal shell such as that in Apus. These two 
methods are quite distinct ; the former bends the 
dorsal integument of the head-shield alone along the 
middle line, the latter bends only the dorsal shield as 
far as its junction with the body. There is, however, a 
method of combining these two modifications if, after a 
dorsal shield has been developed, both the head-shield 
and the dorsal shield are bent. 

We were at first inclined to attribute only the first 
method of origin to the bivalve shells of the Ostracoda, 
and to deduce them from some such form as Harpes 
ungula. It would be an obvious advantage to an animal 
given to the habit of rolling up for defence, to be able to 
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continue to feed and breathe, and yet remain rolled up 
and sufficiently protected against its enemies. It is clear 
that this end would hardly be attained in those cases 
in which a large solid pygidium closed against the 
head-shield. But on the other hand, it would be 
quite possible by the longitudinal folding of the lateral 
wings of the head-shield, as shown in Fig. 57 B. 
We may well suppose that some Trilobites adopted 
this method of protecting themselves, since, besides 



iG. S7,— HariKi unguis Slemb. A, dorsal view; S, rolled up in profile (from 
Bronn'i Klatm nnd Ordnungnt dH Thkmkhii ; B, to thoi' the proiBbta 
OriEin of Ihe O^lracoda, tiie head'shield with the enormously developed frontal 
ibid, shown here in profile, only requires to bond in Ihc dorsal middle lins to form 



the great advantages already mentioned of allowing 
the animal still to use its limbs and to move about 
and feed while remaining almost perfectly enclosed, 
it is also clear that the closing of such bivalve 
shells, which would never be very wide open, would 
be a much quicker and simpler process than the 
rolling up of the whole body in the sagittal plane. 
In assuming this origin for the bivalve shell of the 
Ostracoda, and not that from the folding down of a 
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dorsal shell of an Apus-like animal, wc have been 
mainly influenced by the following considerations, 
which must be admitted to be of some morphological 
importance, 

(i) The position of the head in the shell seems to 
point decidedly to such an origin. If the shell had 
been formed by the bending down of the sides of a 
dorsal fold, the head would either project anteriorly 
as in the Cladocera, or, if it came between the shells 
at all, could only do so by itself bending round ven- 



FlG. jB.— Cypris fimiataffrom Broon'i /fiuwi. ftd OrdMaigm dit TkiiTtikhti 
toihovrlheppaition of the head in thesbelL (or compnTiun whhlhe roUowing 
lilturu and wilh Fig. 57. 

trally,as shown in different stages in Figs. 6o, 6i, and 
62, or by the growing forward of the halves of the shell 
so as to cover the head ; this latter method is, for many 
reasons, not a very probable one. In the Ostracoda 
we find the " face " deep back in the shell, pointing 
forwards in a way difficult to explain on any other 
hypothesis than that which we put forward. These 
projecting parts of the shell are the lateral halves of the 
shovel-shaped ridge which projected so far forwards 
in the original Trilobite ancestor of the group. If we 
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take the Trilobite figured in Fig. 57^, and fold the 
ridge round the head along the dorsal middle line, the 
face (which lies under the glabella) would come to 
have almost exactly the position which it has in the 
Ostracoda. 

(2) The ridgeof the head-shield is, like the ridge round 
the head of Apus, simply a fold of the integument, and 
contains a part of the general body cavity. Probably 
as in Apus and Limulus, it contained the hepatic 



diverticula of the mid-gut. In a cross section through 
an Ostracod the observer is at once struck by the fact 
that the space between the laminae of the shell is con- 
siderable, and that it is a continuation of the body 
cavity. Not only do the hepatic diverticula penetrate 
into it, but in some genera the genital glands also 
(Fig. 59). While this is exactly what we should 
expect from the bending of a head-shield with a 
pronounced frontal ridge, we should hardly expect to 
find it from a bending down of a dorsal fold. 
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(3) We have further the fact, already mentioned, 
that the Ostracoda are found among the Trilobites in 
the Silurian strata, and may thus well have been a 
modified Trilobite form. 

It IS, however, clear that these arguments do equally 
well to establish a deduction of the Ostracoda from a 
primitive Phyllopod with a developing dorsal shield. 
We have only to assume that both the head- and 
dorsal shields were bent along the dorsal middle line. 
The extraordinary likeness between the shells of some 
of the early Ostracoda {e.g. Leperditia) to the shells 
of such Phyllopods as Ceratiocaris Salteriana make a 
Phyllopodan origin for at least some of the Ostracoda 
very probable. We have further satisfied ourselves 
by dissections, that at least in some Ostracoda the 
ligament uniting the two halves of the shell runs back- 
wards posteriorly beyond the point of junction of the 
abdomen with the shell. We do not, however, give 
up our first impression that some of the Ostracoda are 
deducible from Trilobites. In addition to such a 
significant form as that given in Fig. 5/^5, we would 
call attention to the fact that the shells of many early 
Ostracoda are marked by lobes and grooves which 
Barrande compared to the glabella and intervening 
furrows, &c., of Trilobites. The presence also of the 
" ocular " tubercle on each shell in some Ostracoda 
may well signify what its name implies ; the ocular 
tubercle of the original Trilobite showing just as well 
on the folded, as on the flat, head-shield. The part 
played by the habit of rolling up will again be referred 
to. 
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As to the general truth of our theory that the 
Ostracoda are little more than folded Crustacean 
heads with large head-shields, and with or without 
a rudimentary dorsal shield, there can, we think, be 
little doubt. We found strong confirmation of the 
theory in the form of the closing muscles. It seemed 
to us that if our view were correct, the closing muscles 
must be modified from those which radiated from the 
sternal plate in the transverse plane, and that they 
ought, therefore, to show this origin. This surmise 
was fully supported by the facts. The sinewy part 
of the muscle is found in the centre — the remains 
of the sternal plate, from which the muscle fibres 
radiate to the outer walls of the shells. If then 
it is established that any of the Ostracoda are 
descended from Trilobites, we have in this double- 
headed closing muscle very clear proof that the 
Trilobites possessed the sternal plate which we have 
elsewhere assumed for them. 

As to the causes of the modification of some of 
these primitive Trilobitic or Phyllopodan Crustacea 
into Ostracoda, we may perhaps make the following 
conjecture, borne out by the rudimentary condition 
of the abdomen, and the small number of trunk 
limbs. We have only to assume that in some of the 
larvae of these primitive Crustaceans with head-shields, 
the gradual thickening and stiffening of the chitinous 
head-shield did not keep pace with the developing 
muscles, whether the powerful mandibular muscles of 
an early Apus, or the muscles of the masticatory 
and springing first trunk limb of a Trilobite. This 
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uneven development is not much to ask, and if it 
occurred as described, it could hardly fail to lead to a 
bending of the head-shield along the dorsal middle 
line, every time, for instance, a larva sought to put 
in practice its inherited tendency of contracting its 
muscles for the purpose of rolling up. The failure 
to develop a head-shield stiff enough to counteract the 
pulls of muscles lying in the transverse plane, may 
have thus led to the conversion of the head-shield into 
the bivalve shells, which have, in the long run, proved 
a better defence than rolling up. 

We thus, explain the rudimentary state of the 
abdomen and trunk. It was only in comparatively 
young animals in which but few trunk segments 
had been developed, that the bending was likely to 
take place, and, when once acquired, it would be 
clearly an advantage to keep the abdomen in a larval 
stage, in order that it might be quite enclosed within 
the halves of the head-shield. 

We therefore suggest that the Ostracoda have had 
more than one root, and may in fact be derived from 
the larvae of any of the primitive Crustacea with 
large head-shields, whether Trilobites or Phyllopods. 
There seems to be some evidence for both these 
origins. 

COPEPODA. 

The origin of this very rich group of Crustacea 
is very obscure. The general opinion is that they 
must be ranked as perhaps the lowest of all the class. 
We have now to try to suggest a possible origin for 
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the group in the light of what is known as to the 
origin of the whole class from a bent Annelid. We 
find, then, no group of early Crustacea from which we 
can actually deduce them. They are distinctly lower 
in the scale of development than any of the early 
groups which we have already described, and proved 
to be the most primitive. We are thus driven to the 
conclusion that they must have originated from some. 
larval form. There is no difficulty in this sup- 
position. Among the enormous number of free- 
swimming and independently feeding Nauplii, it 
would almost certainly be an advantage to some to 
remain but little advanced beyond the Nauplius, the 
more pronounced character of the adult bringing them 
at once into danger. If we assume that they are 
modified larvae of early Apodidae, the conditions, as 
far as we know them, would be fairly well satisfied. 
The Apodidae were driven from the open sea by some 
foe or foes, and would have been exterminated had 
they not, in the manner described in the early part of 
this book, taken refuge in shallows and lagoons, and 
finally in freshwater puddles. We may well suppose, 
therefore, that while one division of the Apodidae 
thus retreated inland and were able there to develop 
into adults, another probably found safety in remain- 
ing at the larval stage, their smallness, their trans- 
parency, and the rapidity of their motion rendering 
them comparatively safe. Whether the organisation 
of the Copepoda can be explained on this hypothesis 
we are not able to decide. The view that they are 
really equivalent to larvae finds some support in the 
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fact that they fail, excepting in a few rare cases {e,g, 
Argulus), to develop the paired eyes. The unpaired 
eye is always present, at least in the free-swimming 
forms ; the paired eyes appear as rudiments, only to 
disappear again later. The characteristic caudal fork 
of the Copepoda might well be a further development 
of the fork which appears at the early larval stages of 
Apus (see Fig. 41, p. 168). The characteristic ovisacs 
may be a modification of the habit of Apus of carry- 
ing its eggs about in a brood pouch, necessitated by 
the fact that the more larval Copepoda do not develop 
enough segments to reach the inherited place of exit 
of the genital products, i.e. between the tenth and 
eleventh segments. 

This theory also is quite in accord with the fact 
that so many Copepoda are parasitic. The same 
danger which, loosely speaking, drove the adult Apo- 
didae into the land, and the larval to remain at the 
larval stage, would tend to differentiate the larvae 
themselves, as the wind has differentiated the beetles 
in the island of Madeira.^ These insects are either 
strong fliers or else have given up the habit of flying 
altogether, the strong winds having swept away all 
intermediate grades. The Copepoda are similarly 
very markedly divided into two groups, the free and 
powerful swimmers, and the parasites who have almost 
or entirely given up the habit of free locomotion, except 
in the earliest larval stages when seeking new hosts. 

The chief difficulty in the way of this derivation of the 
Copepoda from an Apus larva is, perhaps, the form of 

^ Darwin, Origin of Species ^ p. 109. 
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the limbs. In consequence, however, of our method of 
deducing the limbs from the Annelidan parapodia we 
do not ourselves experience this difficulty. The typical 
Phyllopodan limb is, according to our view, composed 
of the dorsal parapodium carrying on the dorsal side 
the gill and the sensory cirrus, and on the ventral side 
a row of sensory endites, with the remains of the 
ventral parapodium as masticatory ridge. The parts 
of these limbs which would be useless to the Copepod 
would naturally degenerate, i,e. i, the gills, because the 
animal breathes through its integument ; 2, the sensory 
endites, because the animal would no longer require 
to use its limbs in the way Apus uses them to rake 
together prey into the ventral middle-line ; and 3, con- 
sequently also the masticatory ridge which in Apus 
forwards food thus raked together towards the mouth. 
On the degeneration of these parts we have left only 
the dorsal parapodium with the sensory cirrus, t,e. the 
endo- and exopodite of the typical Copepod limb. 

Grenacher's account of the unpaired " eye " of 
Calanella differs somewhat from that of Apus ; 
although there can be little doubt that the two are 
homologous. In Calanella only three ** retinae" are 
developed, each consisting of comparatively few 
retinal cells. There is no trace of crystal cones 
or rhabdomeres, and the pigment is in the centre 
of the group. The nerves from the retinal cells 
come from their inner ends, their sensory ends 
pointing outwards. A comparative study of these 
unpaired " eyes " has long been a desideratum. 

We thus suggest the deduction of the Copepoda 
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from a larval stage of Apus, dating back to the time 
when the Apodidae could no longer develop fully in 
the open sea, and only those larvae which were acci- 
dentally shut off and isolated in lagoons were able to 
grow into adult animals. 

CIRRIPEDIA. 

These animals are now generally supposed to be 
related to the Copepoda. What we. have said of 
the latter applies in great part to them also. We 
can deduce them from no original adult Crustacean 
form derivable from our bent Annelid. We are there- 
fore driven to deduce them, as we have done the 
• Copepoda, from some larval form. We think it pos- 
sible that the Cirripedia may have been one of the 
extraordinary lines of development adopted by the 
original Copepod, t,e. larval Apus, which sought 
safety in a stationary life. As larvae of Apus, it was 
always possible for them to develop the shell-fold or 
mantle if necessary, the later calcification of which, 
perhaps as protection against the browsing Trilobites, 
led to the beautiful shell arrangements characteristic 
of the group. 

We now come to groups the origin of which can be 
established with less appeal to the imagination than 
was necessary in the former groups. The manner in 
which the other Phyllopoda have been derived from 
the Apodidae will afford some capable zoologist a 
field for research which cannot fail to be rich in 
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biological observations of extreme interest.^ We limit 
our own contribution to the subject to a few points 
of some interest and importance. 



THE CLADOCERA. 

One specimen of Lepidurus glacialis in our collec- 
tion was in the act of casting its skin. Shining 
through the shell was a white mass, which turned 
out to be a group of eggs, thrust in as far as 
possible under the neck. It was clear that this 
was not accidental ; the eggs were there in order 
to develop under the shelter of the cast-off cuticle. 
The origin of this arrangement may well have been 
accidental. The Apodidae swim on their backs, 
so that eggs from the brood pouch might very 
easily fall into the large dorsal shell, and this 
would be the more likely, the larger the shell in 
proportion to the length of the body ; every diving 
movement of the animal would tend to lodge the 
eggs further up between the shell and the back. The 
young hatched out of such eggs may easily be sup- 
posed to have derived some advantage from their 
position. We have two cases to consider, first, that 
in which the eggs hatch out before the cuticle is cast, 
and develop under the shell of the parent, and second, 
that in which the eggs do not develop before the 
shell is cast, the Nauplius swimming about for a time 
under cover of the exuvia of the parent. 

^ A suggestion as to one of the changes which explain the origin of 
Branchipus out of Apus will be found on p. 100. 
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In the first case, if this arrangement proved of any 
real advantage to the young, it would certainly bring 
about such modification in the parent animal as would 
lead to the formation of new species, differing from 
those which did not so shelter their young. This 
may seem a small point around which to mould a 
new species, but not if we give to the reproductive 
function its true value in the economy of life. Every 
other function is in fact subordinate to it, and it is 
therefore capable of modifying every part of the body 
in order to ensure its own efficiency. Hence, given a 
certain number of Apodidae which have inherited a 
tendency to drop their eggs under the dorsal shell, 
because in this way a greater number are able to 
develop and survive in the struggle for existence, these 
animals would, in course of time, be modified so as 
to perfect this arrangement. The shield would grow 
further down at the sides so as to press more closely 
against the body, and the hinder part of the body 
would come into closer contact with the hinder edge 
of the shield, both alterations serving to prevent 
the eggs or embryos from slipping out from under 
their cover. It is also probable that processes of 
the terga might grow up so as to close the 
posterior opening (see Fig. 60). 

On the other hand, again, these very alterations, 
which make the falling out of the eggs more difficult, 
at the same time make the falling in of the eggs 
more difficult ; hence the gradual movement of the 
genital aperture up the sides under the shell so as to 
ensure the egg finding its way into the cavity under 
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the shell in which it is to develop. All the altera- 
tions which we have here described are exactly what 
we find in the related Cladocera, for instance in the 
well-known Daphnia pulex or water flea (see Fig. 
60). 



>.—paphnU(aflerCkus), showing the brood caviiW^ 
in the folded valvts of ih. sh4lJ fold. "(5? Figs. 6. Lnd . 



Again, as to the great difference in size between 
the Cladocera and the Apodidae, it is perhaps worth 
suggesting (i) that it would originally be only very- 
young Apodidae, whose shells were specially large in 
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proportion to the length of the body, into whose shells 
the eggs would be likely to fall as they swam on their 
backs ; the older the Apodidae are, the longer the 
body grows in proportion to the shell, and an egg 
dropping out of the adult brood pouch would be 
hardly likely to lodge under the shell, but would fall 
straight to the bottom of the water, — (2) that the 
arrangement is not calculated for the development of 
many eggs at a time, such as one finds in the brood 
pouches and ovaries of adults ; it could only be 
advantageously used by the young animals at the 
first commencement of their reproductive activity, 
when comparatively few eggs issue from the genital 
apertures. In this way perhaps we may explain the 
small size of the Cladocera, and also the relatively 
enormous size of the shield. 

The second case in which the skin is shed with the 
unhatched eggs in it does not appear to require any 
special modification. It may be a custom among 
the Apodidae to collect eggs under the loosening 
cuticle ; this certainly seems to be the case from 
the specimen of L. Spitzbergensis above mentioned. 
It did not bear any appearance of being accident. 
About six large eggs were packed in so tightly that 
they had to be picked out singly with a needle. 

It is, however, to be expected that the habit of 
/latching eggs under the shield would naturally lead to 
some special arrangement for times of ecdysis. Hence 
the ephippium of the Cladocera, in which a differen- 
tiated part of the cuticle containing two eggs is occa- 
sionally cast off as a modified form of ecdysis. 
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THE ESTHERID^. 

This is the only other group of the Phyllopoda 
about which we have a few words to say. The forma- 
tion of the bivalve shell of these animals has already 
been noticed. The question is, How can a perfect 
bivalve shell, enclosing the whole body, head and all, 
be deduced from the folding down of the lateral 



CUdocer* and the EithsidiE (Fie. 63). 

halves of a dorsal shield ,' It fortunately happens 
that we have a series of forms which make the point 
quite clear. 

In the Cladocera, we have the shell folded down 
against the sides of the animal, leaving the head quite 
distinctly marked off (Fig. 60). In Limnetis we find 
the lateral folds of the shell extending more ante- 
riorly so as partially to enclose the head, the change 
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being chiefly due to the bending down of the head in 
order to bring it within the shells (Fig. 6i). 

Limnadia and Esthcria show the process com- 
pleted, i.e. the head bent down to such an extent as 
to be entirely enclosed between the bivalve shells 
(Fig. 62). The position of the head in these animals, 
bent ventrally downwards, is in striking contrast to 
that of the Ostracoda, which is situated far back 
in the shell and looks forwards. 

We must here leave this interesting subject in the 



hope that some one may be induced to attempt to 
build up a natural order of the Phyllopoda, and 
endeavour when possible to show how, and under 
what biological laws, the different forms have arisen 
from Apus. 

THE MALACOSTRAC.^. 

We come lastly to the most highly developed 

group of the modern Crustacea — the Malacostraca. 

We need not say much about these. By deducing 
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the Apodidae from a bent Annelid, we have endea- 
voured to establish them as the racial form of the 
majority of modern Crustacea. We at first thought 
Apus might actually be the primitive Crustacean, 
but further investigation and comparison with such 
forms as the Trilobites have shown us that these 
also claim the same origin as Apus from a bent 
Annelid. These other groups have for the most part 
died out. Apus remains, having been isolated through 
many geological periods in freshwater pools. While, 
however, Apus itself was not able to hold its own in 
the struggle for existence in the open sea, modifica- 
tions of Apus succeeded in surviving, and in producing 
the rich Crustacean fauna of modern seas. We have 
already deduced some of the natural groups from 
their Apus ancestors, and we have now the chief 
group of all to trace back to Apus. 

The Malacostraca have, by general consent, been 
traced back to Packard's Phyllocaridae, the only living 
representative of which is Nebalia, which, according to 
Packard, combines Phyllopodan and Decapodan cha- 
racteristics. It has been placed by Claus in a special 
order — the Leptostraca — as a transition form between 
the Entomostraca and Malacostraca. 

Going back to the earlier members of this group, 
we find in palaeozoic times the remains of large 
Crustacea, which appear to be true Nebalidae. The 
most important of these are the two forms Hymeno- 
caris and Ceratiocaris (Figs. 63 and 64). At the 
first sight of these fossils we are at once reminded 
of Apus, and this is exactly what our theory demands. 

T 
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No one can study the beautiful plates in Jones and 
Woodward's monograph of Palaeozoic Phyllopods 
without being convinced that the forms represented 
were nearly related to the Apodidae. This first 
impression is fully borne out when we come to examine 
the forms more closely. We find several striking 
characteristics of the Apodidae, which convince us that 
we really have here to do with animals at least closely 
related to and easily derivable from Apus. 




Fig. 63. — Hymenocarls vermicauda Salter. Upper Cambrian. To be compared 

with Apus (from Zittel). 

Hymenocaris has a simple flat shield and a terminal 
segment carrying a long caudal plate, and three 
visible anal cirri. From the arrangement of these cirri 
we may safely conclude that there was a fourth 
hidden behind the caudal plate. It will be remem- 
bered that we found it necessary to assume that the 
original Crustacean-Annelid had four anal cirri, two 
of which were preserved in Apus, while the two others 
became rudimentary. This assumption certainly re- 
ceives some support from the fossil under discussion. 
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Anteriorly, we find that the shell has been cut off, 
an arrangement which the next form, Ceratiocaris, 
fully explains, 

Ceratiocaris differs somewhat from Hymenocaris, 
but shows even closer resemblance to the Apodidie. 
We have the caudal plate and two anal cirri, which 
are clearly, as in Apus, the ventral pair. If the fossil 
were well enough preserved, we might perhaps find. 



Fig. &<-— Ceratiocaris papilio Salter, Upper Silurian, Shpwing the riMtram, lh« 
Unc pair aC aniennz, and llie pundibles {from Zittel). 

as in Apus, the rudiments of the dorsal pair. Im- 
pressions of the mandibles are clearly visible, and 
bear the closest possible resemblance to those of 
Apus. Traces of branchial limbs have been found 
on the abdominal segments of Ceratiocaris Stygia, 
Anteriorly, however, we find the same piece of the 
shield cut out as in Hymenocaris, with remains of a 
rostrum and anterior antenn.'E. The antennie bear a 
close resemblance to those of Apus {see Fig. 7A,p. 34) 
T 2 
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although apparently larger in proportion to the size 
of the body. The rostrum is, however, clearly a new 
structure. How can we explain its origin, at the 
anterior edge of an Apus-like head ? 

According to our theory the anterior antennae once 
pointed backwards, as do those of Apus. In 
Ceratiocaris, however, we find them almost at the 
anterior end of the head. It is not difficult to show 
that this migration would almost necessitate the 
formation of a rostrum. 

One variation on the primitive Apus type would 
certainly be a species using their antennae forwards as 
organs of sense. Just as, in Apus, the eyes travelled 
forwards, so, in process of time, the antennae might 
tend to move forwards, but, by way of protection for 
these, at first, delicate organs, we may suppose them 
to have moved forwards in slight grooves on each 
side of the median line. As they moved forwards 
they may have become more and more developed, 
not only as sensory organs, but as appendages, until 
they projected freely from the front (as typical 
Crustacean antennae). The rostrum is the remains 
of the middle wall between the two grooves. It is 
clear that such grooves could not exist on the under 
surface of the head of an Apus without forming 
a primitive rostrum. According to this view, the 
rostrum was originally a necessary accompaniment 
of the migration of the antennae from the sides of 
the labrum to the front of the head. The articulation 
of this rostrum was a secondary acquirement not in 
itself difficult to imagine. 
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This view explains the morphological significance 
of the rostrum, as the protective point for the more or 
less delicate antennae, arising, not per se, but as the 
further development of the tip of the middle piece 
between the two depressions along which the antennae 
travelled forwards. 

From all that remains then of these primitive 
Nebalidae we see a sufficient resemblance to the 
Apodidae to form a very striking confirmation of 
our theory. We see in them true transition forms 
between Apus and the higher Crustacea ; the fossils 
showing very clearly one of the first steps in this 
transformation, and one of the most needful for 
success in the struggle for existence, ie, the gradual 
migration of the antennae to a frontal position near 
the eyes. 

The many points of likeness between Apus and the 
Macrura will already have struck every reader of the 
first part of this book. The detailed deduction of 
Astacus from Apus on the lines here laid down 
would be a most interesting and profitable study. 

Starting, then, from our theory that Apus, owing 
to its likeness to an Annelid, must be one of the racial 
forms of the whole group, we have been able, with 
varying success, to show that all ancient Crustaceans 
are clearly related to Apus, and that all the chief 
groups of the modern Crustacea, with the probable 
exception of some of the Ostracoda, can be more or 
less clearly deduced from Apus. An attempt to derive 
the modern forms from the Apodidae in detail would 
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be the work of a life-time and would fill many 
volumes, but we believe we have established our 
theory beyond question, and have shown for the first 
time how a natural system of the Crustacea may be 
built up by taking Apus as the key to the original 
Crustacean form. 



SECTION XVI 
Peripatus and the Tracheata 

Before closing this essay, in which we have 
endeavoured to prove that Apus is an almost ideal 
transition form between the carnivorous Annelids 
and one large division of the Arthropoda, viz. the 
Crustacea, it is but fit that we should briefly refer to 
Peripatus, which is acknowledged to be a transition 
form between the Annelids and the other division of 
the Arthropoda, viz. the Tracheata, in which we 
include the Myriapoda, Hexapoda, and Arachnida. 
It cannot but add to the interest of this book if we 
dwell upon this point for a short time. 

The accepted fact that both divisions of the Arthro- 
poda are derived from Chaetopods,the chief cause of the 
transformation being the same in both, viz. : the use of 
the parapodia as appendages for mastication and loco- 
motion, accounts for the resemblances in the organ- 
isations of the Crustacea and Tracheata which have 
led to their being placed side by side as Arthropods. 
There are, however, striking differences in their 
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morphology which stand obstinately in the way of 
attempts to establish a close relation between them. 

Has not our derivation of Apus and the Crustacea 
from a bent Annelid supplied us with the clue as to 
the essential morphological difference between the 
Crustacea and the Tracheata, leaving out of sight for 
the moment the tracheae and the Malpighian tubules 
which are confined to the latter ? 

The Annelid which gave rise to the Tracheata 
started, as did the Crustacean-Annelid, by using its 
anterior parapodia as mouth parts, but, unlike the 
latter, it did not bend round its anterior segments to 
browse in the manner described in the opening sen- 
tences of this essay, but remained straight. The fusion 
of segments to form the head was, in the Tracheatan- 
Annelid, axial, the mouth remaining at the anterior 
end of the body. 

In such an axial fusing there is nothing to fix the 
number of segments to form a head common to all 
the Tracheata, whereas in the Crustacea the bending 
round of the five segments marked off this region of 
the body as the head for all time. 

The difference between the number of the cephalic 
appendages of the Crustacea and the Tracheata is to 
be referred to the fact that with the mouth at the 
anterior end of the Annelidan body it was impossible 
to bring so many pairs of parapodia into the region 
of the mouth to function as mouth parts as in the 
Crustacea, where its ventral position allows of the 
arranging on each side of a large number of para- 
podia as jaws. 
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The common derivation of the two divisions of the 
Arthropoda from Anneh'ds modified to use the para- 
podia as jaws, &c., in the one case round a mouth 
at the anterior end of the body, and in the other 
round a mouth bent under so as to face posteriorly, 
makes it possible, we think, for the first time 
clearly to homologise the head regions of the two 
divisions. 

The Annelidan prostomium became in both cases 
the labrum. In both groups the Annelidan antennae 
were retained as sensory organs, having disappeared 
only in the Arachnida. The first pair of parapodia, 
the antennal parapodia of the Annelids, became 
differently modified on account of the different posi- 
tion of the mouth. In the Crustacea the mouth was 
carried round ventrally to between the parapodia of 
the third and fourth segments, which thus, in the 
typical Crustacean head, became the chief jaws, leav- 
ing the antennal parapodia as a rule free to continue 
to function as sensory organs. In the Tracheata, on 
the other hand, the anterior position of the mouth 
almost necessitated the formation of the chief jaws 
out of the first pair of parapodia. In Peripatus these 
alone function as jaws. In the Myriapoda and 
Hexapoda they are the chief jaws, but are assisted by 
the two following pairs as first and second maxillae. 
In the Arachnida they form the powerful and vari- 
ously modified chelicerae which develop so largely as 
to displace and lead to the degeneration of the pro- 
stomium and antennae. These formidable jaws are 
assisted by the second pair of parapodia as accessory 
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jaws, supplied with long feelers, or as powerful chelate 
limbs. 

The second pair of parapodia, which in the typical 
Crustacean head become the chief mandibles, form, in 
Peripatus, the oral papillae ; the slime glands opening 
at their tips being perhaps homologous with the 
acicular glands of the Annelidan parapodia. In the 
Myriapoda and Hexapoda they become the anterior 
maxillae ; and in the Arachnida they form the pedi- 
palps or their homologues. 

The third pair of parapodia, which in the Crustacea 
form typically the first pair of maxillae, in Peripatus 
and the Arachnida function as the first pair of feet. 
In the Myriapoda and Hexapoda they form the 
posterior maxillae. 

Just as we saw that all the Crustacean groups, how- 
ever aberrant, must have been derived from the same 
bent Annelid, so we would deduce all the groups of 
the Tracheata from the same Tracheatan-Annelid. 
We find the same variety in the arrangement and 
form of jaws, limbs, &c., and the same variety in the 
number of segments. In both cases some of the 
groups can be shown to have been differentiated direct 
from the original Annelid, while others are only later 
modifications of sych groups. In the Crustacea we 
think the Apodidae, and the Trilobites, were original 
differentiations ; in the Tracheata, the Arachnida, the 
Protracheata, and the Myriapoda. 

Turning now to the important morphological 
characteristics common to all the Tracheata, viz. 
the tracheae and the Malpighian tubules, we shall 
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not, we think, be far wrong in assuming that these 
were developed as adaptations to aiife on land, and 
appeared in the original Tracheatan-Annelid, in its 
gradual passage from a purely aquatic to a terrestrial 
life. It seems to be a strict biological law that, when 
aquatic animals migrate to the land, external respira- 
tory surfaces such as gills, which are morphologically 
folds of the skin, give place to internal, respiratory 
surfaces. This requires no special comment. It is 
probably, however, an equally strict biological law 
that free movement on land necessitates such a place 
of exit for the waste products as will not interfere with 
such movement. Insects clean themselves from no 
love of cleanliness. The disadvantages of discharging 
the waste products in the cephalic or thoracic region, 
as in the Crustacea, are avoided by means of the 
Malpighian tubules which open into the hind-gut. 
This is not the only advantage. Small land animals 
have often to exercise the most rigid economy in their 
supply of fluid. The discharge of the waste products 
into the hind-gut permits the reabsorption of their 
purely fluid constituents, which would thus be re- 
tained within the body. These two advantages are of 
such importance that the gradual concentration of 
excretion to the walls of the hind-gut (which we saw 
in Apus to be highly glandular) until special excretory 
caeca, the Malpighian tubules, were developed, pre- 
sents no difficulty. 

We have already referred to the able attempt of 
several distinguished zoologists, Kingsley in America, 
and Ray Lankester in England, to connect the Arach- 
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nida with the Xiphosuridae and Eurypteridae — taking 
the two latter out of the division of the Crustacea. 

If there is any truth in our general argument as to 
the derivation of the primitive Crustacea from a bent 
Annelid, and of the Tracheata from an Annelid not 
so bent, there is no need for any such alteration 
in the formerly accepted classification. The resem- 
blances in inner and outer organisation between 
the Xiphosuridae and the Scorpionidae, striking as 
they undoubtedly are, we believe to be simply 
due to the fact that they are both descended from 
Annelids. The agreement in the number of segments 
and cephalothoracic limbs is by far the most important 
argument in favour of the new classification. 

But now it seems to us that it is by no means im- 
probable that two groups of animals descended from 
many-segmented Annelids should possess the same 
number of segments, especially when we find that 
somewhere about the same number of segments seems 
to have best suited many other groups belonging to 
both divisions. The Malacostraca have twenty, the 
free-swimming Copepoda about fifteen, the Hexapoda 
sixteen, and many genera of the Myriapoda from 
fifteen to thirty. 

The resemblance between the limbs of Limulus and 
Scorpio does not seem to us so great as it is often 
assumed to be. The five pairs of jaws ranged round the 
ventral mouth of Limulus, whether our theory of their 
origin from Annelidan parapodia is true or not, form 
a feature which has no counterpart in the limbs of 
Scorpio. This is, to our mind, a most important 
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point, for in most other respects all Arthropodan legs 
strongly resemble one another, and the presence of 
chelae on a certain number of anterior limbs is a com- 
mon occurrence. Again, is there anything in Limulus, 
or in any Crustacean, which resembles the two chiti- 
nous hooked-claws at the ends of the legs of Scorpio, 
which the latter possess in common with all other 
Tracheata ? Nor do we find in the Scorpionidae any 
special development of the sixth pair of limbs such as 
we have shown to be characteristic not only of the 
Apodidae but of the Trilobitae, the Xiphosuridae, and 
the Eurypteridae, and which is especially marked 
in the last, although this is claimed as a transition 
form between the Xiphosuridae and the Arachnlda. 

We do not, then, admit that very much weight can 
be laid upon this agreement in number of segments 
and in number and form of limbs. It certainly cannot 
outweigh, for purposes of classification, the tracheae 
and the Malpighian vessels, the presence of which in 
the Scorpionidae and other Arachnida classes them 
unmistakably with the Tracheata. 

Even if we admit the possibility of the concurrent 
development of tracheae and Malpighian tubules for a 
second time, the improbability of such an occurrence 
is so great that we should require much stronger 
evidence than any which has been adduced before we 
could accept it. It is, further, very improbable that such 
a highly specialised animal as a species of Eurypterus 
should develop exactly the same respiratory and excre- 
tory adaptations to a land life as the more generalised 
Annelidan ancestor of the other Tracheata. 
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The origin of the book-leaf tracheae from the gills 
of the Xiphosuridae, fascinating as it is, breaks down 
when carried into detail. It is easier to believe that 
the lung-books are only a specially concentrated 
arrangement of the tracheal tubes, no more extra- 
ordinary than the other extreme, viz. the diffuse 
arrangement found in the Hexapoda. We find 
almost every form of tracheal arrangement between 
these two extremes within the division of the 
Tracheata, and further both tubular and book-leaf 
tracheae within the Arachnida. We think that the 
evidence in favour of the new classification, to be 
drawn from the form of the tracheae, is not con- 
vincing. 

The most probable origin of the tracheae appears 
to us to be that which refers them back to dermal 
glands. The original Tracheatan-Annelid on first 
migrating on to the land probably respired through 
the whole skin. The increase of surface afforded by 
the ducts of the dermal^ glands would very naturally 
be taken advantage of. The walls of these ducts being 
internal, their surfaces would be selected and special- 
ised until they undertook the whole respiration. That 
this was the origin of the tracheae is rendered very pro- 
bable by the fact that the openings of the tracheal tubes 
in Peripatus are, in some species at least, scattered 
irregularly over the whole body. This derivation of the 
tracheae from dermal glands receives some support also 

^ If these include the coxal glands, it may throw light upon the 
developmental relations between the book-leaf tracheae of the Arachnida 
and their rudimentary abdominal limbs. 
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from the fact that it is accompanied by the development 
of the Malpighian tubules, except in Peripatus, where 
the nephridia are retained. The loss of the dermal 
excretion necessitates the further development of 
other excretory surfaces. The advantages of the 
Malpighian tubules, or glandular caeca of the hind-gut, 
over excretory organs in any other part of the body 
have been already dwelt upon. This physiological 
connection between tracheae and Malpighian vesicles 
which lessens the improbability of their concurrent 
development twicer cannot however be taken advantage 
of in the special case under discussion, because the 
tracheae are not supposed to have been dermal glands 
but imbedded external gills. 

The early differentiation of the Arachnida from the 
original Tracheatan-Annelids accounts for the high 
specialisation of their tracheal gills. The same may 
be said of the Myriapoda, while Peripatus has remained 
in this respect, as in so many others, almost entirely 
undifferentiated. 

In addition to these arguments we have to refer on 
the one hand to those brought forward in this essay to 
show that Limulus is a Crustacean, and on the other 
hand to the discovery of rudimentary antennae in the 
embryo of a spider,^ which removes the only difficulty 
in the way of homologising the limbs of the Arach- 
nida with those of the Antennata. 

It seems to us that we find evidence of the early 
specialisation of the Arachnida, not only in the loss 
of the antennae, in the form of the limbs and tracheae, 

^ Trochosa Singoriensis Laxm. See ZooU Anzeiger^ May ii, 1891, 
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and in their general organisation, but in the posses- 
sion of a sternal plate or entosternite. The same 
explanation given in this essay of this sternal plate 
in Apus and Limulus must be applied here. It is due 
to a massing together of the ventral longitudinal 
muscle bands of a certain number of anterior seg- 
ments, so that their muscular elements disappear, 
leaving the sinewy elements for the attachment of 
transverse muscles. In the primitive Crustacea, 
the longitudinal muscles of these segments were 
rendered useless by the bending of the body. In the 
Arachnida, however, they were rendered useless by 
the axial fusing of the segments ; while the muscular 
elements degenerated, the sinewy elements were 
retained to form the entosternite. This seems to 
show that the Arachnida were differentiated from 
the Tracheatan-Annelid at a stage when the 
Annelidan segments were still of the typical form, 
i.e. before the ventral longitudinal muscle bands had 
become specialised in adaptation to new modes of 
life. 

In conclusion, it may be interesting to see how 
Peripatus compares with Apus as a transition form. 
The Annelidan characteristics of Peripatus are 
certainly more visible than are those of Apus, where 
they are all more or less disguised or transformed. 
On the other hand, Peripatus is a development by 
itself, and can hardly be shown to have given rise to 
any group of the Tracheata. It is indirectly a most 
remarkable transition form, having preserved so many 
characteristics of the common racial Tracheatan- 
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Annelid. We think that a little more may be 
claimed for Apus, and that in its organisation it takes 
a distinct place in the direct line of descent of many 
of the modern Crustacea from the original Crustacean- 
Annelid. 
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APPENDIX I 

On comparing the East Spitzbergen species found by 
Professor Kiikenthal with the West Spitzbergen species 
found by Professor Nathorst, we concluded that they are 
identical, but that L. Spitzbergensis differs considerably 
from L. glacialis in size and in the shape of the caudal 
plate. We were at first disposed to consider it a new 
species, especially on account of its possessing second 
antennae which were said to be wanting in Lepidurus 
glacialis. Closer examination, however, showed it to be a , 
small variety of L. glacialis, most probably derived from 
the latter by being obliged to ripen at an earlier stage of 
development, in adaptation to the shortness of the more 
northerly summer. 

That this view is correct seems probable from the fol- 
lowing considerations: 

(i) The possession of second antennae does not dis- 
tinguish it from L. glacialis, for we have succeeded in 
finding these appendages on the latter. 

(2) The position of the sperm-forming centre (see § on 
reproduction) is identical in the two. 

(3) The genital tube is very much simpler, the diverticula 
showing hardly any traces of branching, therein exhibiting 
a more larval condition. 

(4) The same may be said of the smaller size of the 
caudal plate, which develops gradually, as Brauer has shown 
in his paper on the development of L. productus. 

U 2 
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(5) The small size of the whole animal also agrees with 
the supposition. 

It is interesting to find that Packard^s measurements for 
L. glacialis (from Cape Krustenstern ?) make it even smaller 
than the Spitzbergen variety. From this, however, it is 
difficult to draw any certain conclusions, as his drawings 
give a fully-developed tail-plate (see Monograph of the 
North American Phyllopoda). It thus appears that L. 
glacialis may be much stunted by unfavourable surroundings. 

That the specimens from Spitzbergen were not young 
specimens follows from the facts that they (several hundred) 
were nearly all the same size, and that they were caught in 
the end of August, a week or so before the close of the short 
summer, while the freshwater pools were still unfrozen. Pro- 
fessor Kiikenthal informs me that this season in the latitude 
in which they were found lasts about ten weeks. 

Packard's measurements for a fully developed L. glacialis 
make it doubtful whether we are to look upon this variety 
as permanent. It is possible that in favourable summers 
they may further develop (without any great increase of 
size) into stunted L. glacialis. This question, however, can 
only be certainly answered by cultivating specimens further 
south, in an aquarium, to see whether they develop into 
L. glacialis. In the meantime it will be useful to call the 
animal L. glacialis var. Spitzbergensis, or, for shortness, 
L. Spitzbergensis. 



APPENDIX II 

THE EYE-PIGMENT OF APUS 

It was very difficult to decide whether the cells marked 
p in the diagram (Fig. 43) of the eye of Apus were really 
cells, as there drawn, or only collections of very minute 
pigment cells. [Grenacher, in his drawings of the single 
eyes of Apus, leaves the matter rather indefinite. He 
indicates rather than draws the pigment cells with nuclei. 
His drawing leaves the impression that he took it for 
granted that they were large pigment cells, without actually 
ascertaining the facts.] We were at first inclined to take 
the latter view, having found that under a very high power, ^ 
the granules themselves were not easy to distinguish from 
cells. Each one consists of a stainable nucleus surrounded 
by a pigment crust, the whole being enclosed in a layer 
of some hyaline substance. These "cells" were of all 
sizes (from 1-2 /i), and were found in all stages of fission 
(see Fig. 65). There are thus two ways of regarding 
these pigment masses in the eye of Apus. Either the 
whole is a kind of loose syncytium of minute pigment 
cells, as we at first thought, or these pigment gran- 
ules are formed inside a large cell around stainable 
protoplasmic granules, as starch is formed round the 
leucoplasts. This we now think to be the case. 

^ Zeiss apochromatic 2 mm. homogeneous immersion, 1.40 n.a., 
eye-piece No. 12, giving 1500 diam. 
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Although we cannot be certain that we have seen the 
nuclei of the large pigment cells as shown in the dia- 
gram (Fig. 23, p. 139), we concluded that there must be 
such nuclei, and that the pigment masses were real cells 
and not syncytia. We were chiefly led to this conclusion 
by noticing the long regular lines of granules running down 
the nerves towards the optic ganglion, as shown in the 
diagram. It seemed to us that these rows of single 
granules would not be so straight and even, unless enclosed 
within a long pseudopodium-like process of the pigment 
cells. Were the granules semi-independent cells, their 
arrangement could hardly be so straight and regular. We 




Fig. 6^. — Pigment granules (? cells) from the eye of Apus, X ca. 3000, showing a 
stainable nucleus, surrounded by a thin crust of brown pigment, the whole 
enclosed within a hyaline substance. 



were further induced to take this view from finding that, in 
some specimens, the pigment in the unpaired " eye " was 
composed of similar eye-pigment granules, also arranged in 
long pseudopodium-like strands. In most of the specimens 
examined, the pigment in the unpaired " eye " was similar 
to that in the pigment cells of the rest of the body, ue, it 
was in the form of very minute olive green granules. The 
occasional finding of eye-pigment in the unpaired ** eye " 
was especially interesting in reference to the origin we 
attributed to that organ out of an anterior pair of 
Annelidan eyes. 

Around the paired eyes, the green pigment reaches up to 
their very rim, and indeed stretches over the outer edges of 



APPENDIX II 295 



the eye itself, but there it changes into the black brown 
granules above described. 

These " eye-pigment " granules certainly appear to be 
very primitive formations. The utilisation of excretory 
matter as pigment is at once suggested, the incrustation of 
brown stuff round the nucleus reminding one forcibly of 
the incrustation of excretory matter round the blood cor- 
puscles under the dorsal organ (see Appendix IV.). In the 
pigment granules, however, it was quite regular, whereas 
it was irregularly massed around the blood • corpuscles. 
These corpuscles, again, are ver}' much larger than the 
pigment-forming granules, and moreover fairly uniform in 
size, whereas the latter are of all sizes. 



APPENDIX III 

CIRCULATION 

As far as we know, since Zaddach's time no detailed 
account of the circulation of Apus has been given. Grer- 
staecker adopts and incorporates Zaddach^s description in 
Bronn's Klassen und Ordnungen, vol. v. Zaddach's ob- 
servations seem to have been made on living transparent 
animals. All who have tried this method know how diffi- 
cult it is to make out the details, however visible some of 
the main streams may be. Thus Zaddach's plan of the 
circulation requires considerable amendment. 

As already pointed out in the text, the system is a 
lacunar system through which the blood is propelled by a 
contractile dorsal vessel or heart. On the expansion of the 
heart the blood is drawn out of the cardial sinus to be 
propelled forwards through (i) the anterior aorta to supply 
the head and liver, and (2) the two lateral vessels which 
dip down under the shell gland to convey blood into the 
shield. 

The heart is composed of striated circular muscle fibres 
crossing each other diagonally — the muscle-cells being 
turned inwards, and forming a kind of syncitial lining 
to the tube. The heart is suspended by an exquisite 
arrangement of connective-tissue fibres, which, seen together 
under a low power, take the form of triangular wings. 
These connective tissue alse are not flat and membranous, 
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but composed of a number of fibres attached to the walls 
of the heart over a considerable area around the ostia. 
They may either be contractile and serve to expand the 
heart, or, more probably, elastic and restore the heart to its 
expanded condition after each contraction. 

The blood, after circulating through the head, runs 
ventrally backwards through the intestinal sinus, towards 



Fig. ftS.— DiiimintoilhistraMlheplanof the cireulalion la (he anlerior jart of the 
body. Tlw blood propeLLed by ihc hcsn W through the head, is returned 
IhTcmeh the iiiK(lina]unus(/t>froin which in each Kcmeni it escapei venttally 
into the limbs. Itscourse iimdicUed diBgramnutically hyiheaiTows(/). From 
the limbi it Rtuttia thnni^b the denno.muscutar linu^ io each segment into the 
cudia] sinus {cA it intestine; ac, aonn cephalica; /, points oT attachment or 
the dono-vential mnicle bands. 

the posterior end of the body. Near each pair of limbs, 
the membrane forming this sinus appears to be fenestrated, 
the openings being regulated by special muscles (?). Through 
these windows the blood streams down over the ventral 
cord and into the limbs on each side ; it runs along the 
ventral face of the limbs, returning along the dorsal. On 
its way back it is guided into the gills, and thence back 
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into the body, where it flows up between the membrane of 
the intestinal sinus and the body wall, bathing the muscula- 
ture in its course. It is interesting to note that a special 
separate stream flows from each limb into the cardial sinus, 
there being membranous dissepiments, corresponding with 




F1G.67.— Diagnun of the circulation from above. A, heart, expanded by the fine 
connective tissue alae (a); s, segmental septa forming the transverse walls of 
the dermo-muscular sinuses (/j) ; ac^ cephalic aorta ; ^, lateral artery to shell 
and shell gland ; >, pomts of attachment of dorso-ventral muscle bands to dorsal 
wall. 

the segmental constrictions, stretched between the body wall 
and the membrane of the intestinal sinus. The dissepi- 
ments, which have already been described in the text, are 
only formed in the first ten to eleven segments, i.e. as 
far as the heart extends. Thus while part of the blood, 
flowing through the intestinal sinus, passes down through 
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the openings above the ventral cord into the limbs, to 
find its way back to the heart after passing through the 
gills, the rest continues posteriorly, bathing the intestinal 
canal (the hind-gut) to find its way, by some means which 
is not yet clear, into the dermal sinus which, in the 
posterior part of the body, is continued right round the 
body, there being no dissepiments and no separate cardial 
sinus. It then flows forwards till the first lateral dissepi- 
ment confines it to the dorsal channel which contains the 
heart and forms the cardial sinus. How the blood finds 
its way from the intestinal to the dermal sinus in this 
posterior part of the body we have not been able to ascer- 
tain. A longitudinal dissepiment runs right along each 
cercopod or anal cirrus, which shows that the blood flows 
along one side and back by the other. We may also per- 
haps assume that under the two rudimentary cirri openings 
occur corresponding with the communication which once 
existed at the tips of the cirri which they represent. These 
are however probably not the only openings between the 
two sinuses. We have not been able to make out the 
relation of the circulation to the rudimentary limbs ; sec- 
tions of the rudimentary gills seem to show that they are 
functional as such. 

We have seen that special muscles probably regulate the 
flow of the blood out of the intestinal sinus into the neural 
sinus (if it can be so called), on its way to the limbs. There 
can be no doubt that the dorso-ventral muscle-bands play a 
part in propelling the blood through the sinus. The intes- 
tinal musculature, except in the hind-gut, is too weakly 
developed to assist much. But it is easy to see how, in 
such a tubular sinus, the movements of the intestinal canal 
running along its centre could materially help the circula- 
tion of the fluid between them. 

We had no means of following the course of the blood 
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from the dorsal shield after bathing the shell glands. As 
far, however, as anatomical researches enable us to judge, 
we cannot confirm Zaddach's statement that it returns to 
the heart through special venae branchiales. We think that 
when this point comes to be further investigated it will 
probably be found that the blood, which enters the shield 
laterally, circulates round through it, and returns to re-enter 
the body anteriorly and dorsally ; not, however, to enter the 
cardial sinus, but rather to descend on each side of the 
cephalic aorta, bathing the mandibular muscles on its 
way to join the main stream from the head into the 
intestinal sinus. 



APPENDIX IV 

EXCRETION 

The Shell Gland, — The shell gland falls easily into 
three typical sections (Fig. 30, p. 125); the terminal 
saccule, the urinary canal, and the urinary duct with 
the bladder. The terminal saccule is branched and 
irregular, and lies in the blood stream between the 
central coils of the urinary canal. As far as we could 
judge from our material it seemed to be lined by large 
flat granulated cells, resting upon a fine basal membrane. 
It is difficult to say if the large vacuoles to be seen in many 
of them are natural. 

The urinary canal shows the structure depicted in Fig. 68, 
which is characteristic of the antennal gland of the other 
Crustacea. Grobben described the striped appearance as 
being due to protoplasmic strands arranged vertically on the 
basal membrane owing to the active streaming from without 
into the lumen of the tube. Tangential sections of the mem- 
brane, however, show it to be an independent spongy struc- 
ture, like hardened foam (see Fig. 68, to the right), forming 
a strong but very porous support to the large flat epithelial 
cells. Grobben figures the nuclei as imbedded in this 
striped membrane. In Apus, however, they lie with their 
surrounding protoplasm on the membrane, here and there 
heaped up, or even artificially torn away, in both cases 
leaving the membrane intact, which would hardly have 
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been the case if the striation were really due to strands of 
protoplasm free in the cells. There is no trace in Apus of 
a chitinous cuticle lining the canal. 

The nuclei of the epithelium are very large and oval, the 
longest diameter being 40-45/1 (in a specimen of A. cancri- 
formis), Le. slightly larger than the nuclei of the nutritive 
cells of the eggs, a sign of their great physiological activity 
in the economy of the animal. 

The urinary canal shows a slight widening as it bends 




Fig. 68. — Part of a section of the urinary canal (shell gland of Apus). bm^ basal 
membrane on which rest3 the harder supporting^ framework, seen in tangential 
section (at ti) to have a spongy structure ; /, inner layer of protoplasm ; », 
nuclei with numerous clear round nucleoli. 

down towards the ventral side. We at first thought that 
this might be the bladder, but there is no change in the 
character of the epithelium. At the base of the second 
maxilla, this wider portion leads through a very narrow 
chitinous canal into the true bladder, which is a chitin-lined 
sac in the shaft of the limb. The chitinous lining of the 
bladder, which distinguishes it from the urinary canal, makes 
it a suitable reservoir for excretory fluids. 

The opening of the duct at the tip of the second maxilla 
is shown in Zaddach's drawing as a point which he, however. 



i 



APPENDIX IV 303 

did not understand. Claus recognised it as an opening of 
the shell gland. This, as already shown, we have been 
able to confirm by following the gland through series of 
sections. 



...... eciiqen of L. produc 

showing the rclUlve po^LlLOn and »z«a o( (he dorul orEan, the paired eyes . 
the p3te (/) teading into (he water-saca. At the aatEiior end of the dorsal or 



T/u Dorsal or Neck-Gland. — One more gland in Apus, 
the neck- or dorsal gland, remains to be mentioned. 
It shows as an oval spot behind the eyes, and is 
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visible in all the Apodidae. We originally thought that 
this spot was the remains of a frontal cirrus which 
travelled back with the eyes, but which, being a hindrance 
to swimming and burrowing, had become quite rudimentary. 
Crerstaecker suggests the homology of it with the frontal 
cirrus (Stimzapfen) of the Ostracoda. From lack of any 
detailed study of its finer structure it has, in fact, been 
very generally claimed as a sensory organ of some kind. 
A close microscopic study of it, however, shows very clearly 
that it is an excretory organ. 

Fig. 70 shows the surface view, and Fig. 71 shows it in 
longitudinal section —both are taken from adult specimens 
of L. productus. Fig. 38, p. 160, shows it in the Nauplius of 
Apus cancriformis. From this last figure we may perhaps get 
a hint as to its real origin and significance, viz. that it was 
the larval excretory organ. 

First, however, as to its structure. A longitudinal section 
shows us a number of fine connective-tissue strands stretched 
between the thin cuticle of the organ and the connective 
tissue belonging to the longitudinal muscle-bands, which 
bend round over the mid-gut to be attached close to the 
prostomium. These fibres lie in the full blood stream issu- 
ing from the aorta cephalica, and form a net-work to arrest 
the blood corpuscles.* This net-work does not, however, 
stretch right across, but, as the animal always swims on its 
back, it forms, as in the drawing, a ground-net to catch those 
particles which sink, and roll along the bottom. Hence, 
while the ordinary blood corpuscles shoot through the open 
part as indicated by the arrow, those laden with excretory 
matter are caught in the net spread across their path as they 
roll heavily along. The whole action is purely mechanical ; 

•^ This interesting use of the connective-tissue fibres is well illustrated 
in many parts of Apus, particularly around the large reserve or fat cells. 
It has already been noticed by Grobben in another connection. 
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the corpuscles laden with waste stuff are too large to pass 
the meshes ; they seem to slick on to the connective tissue 
fibres and gradually find their way down to the hypodermis, 
where they either break up or else, after discharging their 
burdens, return into the blood stream. We are inclined to 
think the latter to be the correct account, for the connective- 



FiG, 70.— 'DJAgram of a sulbn of the deck gland ot dorsal onan of Amis, drawn 

of rhe laden blood coqniacLefi la the conriKdve li^ue net. m, epithelium ^ 
the mid-gal ; c, connective tissue beloDging 10 the longitudinal musculaturv ; m 
blood scresm from the lorta cephalica 1 i, blood corpuscles laden with eicrelDrv 
matter ; at. cuticle (the small arrow indicates the position of the pon shown in 
ihelast Agure). The glandular epithelium is shaded dark, 

tissue strands were covered with excretory matter, and the 
corpuscles near the hypodermis were not nearly so heavily 
laden as those newly arrived. The hypodermis cells them, 
selves were very different from those of the ordinary cuticle : 
they were much larger, with larger nuclei, each nucleus 
containing two or three nucleoli, whereas the ordinary hypo- 
dermis cells have but one nucleolus. They also stain badly- 
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having a muddy look, doubtless due to the excretory matter 
absorbed. How this matter is discharged we cannot see. 
The cuticle is extremely thin and perhaps allows of passage 
through it. If so, what is the use of the single fine pore at 
one end, which by itself could apparently only relieve one or 
two of the hypodermis cells ? We have thus not been able 
to ascertain the mechanism of discharge, but that the whole 
organ is essentially glandular, no one who has studied it can 
doubt. 

We can say nothing certain as to the origin of this organ. 
From its relatively enormous size in the Nauplius,^ it 
is clearly the principal larval excretory organ, and under- 
takes the discharge of waste products before the shell gland 
appears. It may perhaps be a sort of island of Annelidan 
h)rpodermal glandular cells left by the developing exo- 
skeleton, taking the place of the head nephridia of the 
Annelidan larva. That these latter should not be developed, 
owing to the bending double of the front segments of the 
Crustacean-Annelid, was to be expected. We may perhaps 
therefore find in this neck organ a group of dermal glandular 
cells, derived from the Annelidan dermal glands, and 
serving for excretion until the typical Crustacean glands 
are developed. Its singular position in the larva may 
perhaps be considered as protective, since an excretory 
gland might well serve as a protective organ on the exposed 
dorso-frontal surface. 

A comparative study of this organ, which also plays an 
important part as an excretory organ in most Crustacean 
embryos or larvae, is much to be desired. According to 
BuUar, in some Isopodan embryos it forms as an invagina- 

^ In the Nauplius, figured p. i6o, it measures about 0.25 mm., whereas 
that of the adult L. productus (Fig. 69) measures only 0.5 mm. 
Brauer, curiously enough, shows no traces of it in the Nauplius of L. 
productus (Fig. 35). 
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tion of the ectoderm. As a starting point for such a com- 
parative study we should like here to emphasise the fact 
that, if our theory is correct, the primitive structure of the 
organ is most probably to be found in the larva of Apus, 
and that its form in the other Crustacea must have been 
derived from that. We do not therefore see any reason 
to modify our suggestion as to its origin because of the 
fact that in the higher Crustacea it first appears as a more 
complicated, and even sometimes as a paired, organ. 

It is this organ which, in the Daphnidae, functions as a 
sucker for fixing the little animals to stationary objects. The 
glandular nature of the organ might easily be supposed to 
assist this action by supplying a slimy secretion. 
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APPENDIX V 

REPRODUCTION 
A. Hermaphroditism of the ApoDiDif:. ^ 

(From Nature^ vol. xliii. p. 343.) 

The reproduction of Apus cancriformis has been a much 
discussed subject. Although the animal has been well 
known since the middle of last century, it was not till 1833 
that a male was reported to have been found, and not till 
1856 that the occasional presence of males in small numbers 
was certainly established by Kozubowski. On the other 
hand, the fact that several generations of "females" could 
be produced without the presence of a male, was established 
as long ago as 1755 ^y Schaeffer, who concluded that the 
animals were hermaphrodite. Since that time authors have 
been divided in opinion between hermaphroditism and 
parthenogenesis (not to mention v. Siebold's theory of 
Thelytoky) ; the latter view has lately prevailed.* 

^ The letter here reprinted was written before the author had 
recognised the Annelidan character of Apus which led to the writing 
of this book ; hence its point of view is not altogether the same as that 
of the foregoing pages. 

2 For the history of this subject see Bronn's Klassen und Ordnungen 
des Thierreichsy vol. v. On p. 810 the following words occur : — 
"Untersuchungen iiber die Gattungen Apus und Daphnia, welche 
offenbar in dem bis zu voller Evidenz gefuhrten Nachweis der partheno- 
genetischen Fortpflanzung beider gipfeln. " See also Lang's Lehrbuch 
der Vergleichende Anatomies p. 393. 
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The animals, however, prove after all to be hermaphro- 
dites. Since the last careful study of Apus cancriformis^ as a 
whole, by Zaddach in 1841 (the works of Ray Lankester 
and others deal only with special points), new methods of 
research have been introduced into our laboratories which 
reveal details not easily discoverable by the older methods. 
Zaddach's figures of the ovaries and testes of Apus are thus 
naturally somewhat deficient — as deficient, indeed, as the 
best work we can do to-day will, we hope, be found to be 
fifty years hence. 

In my preliminary notice {/enaische Zeitschrift fiir 
Naiurwissenschafty Band xxv., N.F. xviii.) announcing 
the hermaphroditism of L. Spitzbergensis, knowing how 
much the reproduction of the Apodidae had been dis- 
cussed, I ventured to assert that in all probability the 
other species of the genus would also prove on closer 
examination to be hermaphrodite. As above stated, I 
found the sperm-forming centres in L. glacialis in identically 
the same position as in the Spitzbergen variety. By 
the kindness of Professor Mobius, the Director of the new 
Berlin Museum, and of the Rev. Canon Norman, I have 
also been able to examine Apus cancriformis and Lepidurus 
productus. In both these the sperm-forming centres 
were found scattered here and there among the rich 
branchings of the segmental diverticula of the genital tube. 
They occur either at the tips of such branches, where the 
eggs ordinarily develop, or as slight lateral bulgings of the 
same. In all cases the spermatogenesis is the same, the 
epithelium breaking up into sperm-cells ; these escape into 
the lumen of the tube, and are found in considerable 
numbers near the genital aperture, where the epithelial 
lining of the tube is hardly demonstrable, the walls of the 
tube consisting of a fibrous membrane, in the folds of which 
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the spenn-cells lurk. The eggs are then fertilised as they 
stretch this membrane in passing out into the egg pouch. 
The whole richly-branched reproductive organ, with the eggs 
developing at the tips of the branches, and with here and 
there a testis, strongly reminds one of a monoecious plant, 
self-contained, and able to dispense with pollen from 
without. 

I reserve the drawings and the more detailed description 
of the reproductive organs of the different species for a short 
comparative study of the Apodidae which I hope soon to 
have ready for the press.^ By way of caution, however, I 
should here add that small yellowish sacs filled with minute 
cells occur here and there among the developing eggs. 
These must not be mistaken for the testes. They are the 
loci of discharged eggs, and the minute cells are the epithe- 
lium cells dislodged by the shrinking of the membrane of 
the genital tube, which is stretched some loo-fold by the 
ripening eggs. 

The origin of this secondary hermaphroditism is not far 
to seek ; it is clearly a protection against isolation, as in the 
case of the Cirripedia and certain parasitic Isopoda. The 
manner of life of all these animals is such that they are 
always in danger of being cut off from their kind ; they would 
thus die out unless able to reproduce either parthenogeneti- 
cally or by means of self-fertilisation. 

Some species of Cirripedia, as is well known, have dwarf 
males, the last remains of the original separation of the 
sexes. As already mentioned, small males of Apus cancri- 
formis are sometimes found. Twelve finds of A. cancriformis 
and L. productus recorded by Gerstaecker, give 4,458 
** females " {ue, hermaphrodites) to 378 males ; while sixteen 

^ As stated in the Preface, this intended work gave way before the 
more ambitious task of trying to prove Apus to be but a modified 
carnivorous Annelid. 
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finds, numbering 10,000 individuals, did not contain a single 
male. I have found no record of a male L. glacialis, and 
none of the twenty odd specimens of the Spitzbergen 
variety I have as yet examined have been males. It is 
probable that throughout the whole genus self-fertilisation 
is taking the place of cross-fertilisation, but that some 
species have gone further than others in dispensing with 
males. Two species, for instance, L. couesii, Packard, and 
L. macrurus, Lilljeborg, are reported to have more males 
than " females " (?), but the finds in these cases seem hardly 
large enough to allow us to judge ; it may have been purely 
accidental that more males than " females " were caught. 

The males of the Apodidae, with the doubtful exception 
of L. productus, seem to be smaller than the hermaphrodites, 
otherwise there is no very pronounced sexual dimorphism, 
as there is among the Cirripedia. We are perhaps justified 
in concluding from this that the hermaphroditism of the 
Cirripedia is of much older date than that of the Apodidae. 
No comparison is here, however, possible, since the two 
have nothing further in common beyond the fact that they 
are both hermaphrodite, and that this hermaphroditism is in 
both cases an adaptation against extermination through too 
wide dispersion of the individuals. 



B. On the Formation of the Eggs. 

The regular formation of the eggs out of four cells, of 

which three are nutritive and one the definitive egg-cell, 
gives opportunity for many interesting observations. The 
general method of growth is shown in Fig. 33, p. 144, 
where we see the egg in different stages. 

The originally round group of cells as a rule soon 
becomes oval, in consequence of the more active growth 
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of the three nutritive cells. Traces of this activity can be 
seen in the different staining of the protoplasm. That 
round the definitive egg nucleus remains a rose pink when 
stained with carmine, while that round the other nuclei has 
a coarse red colour, and a high magnifying power reveals 
very clearly the meshes of the spongioplasm of this part 
widened out, and dotted with small lumps of nuclein which 
are evidently the lecithoblasts. 

On examining the small disk-like grains of yolk with a 
very high power, and repeatedly changing the focus, the 
small stained lecithoblast in its centre is found not to be 
a nucleus surrounded with yolk, but a thread passing 
through the disk, which is thus like a flat bead threaded on 
the filaments of the chromatin spongioplasm. It is not, 
however, a smooth thread which passes through the yolk 
disk, but it has irregularities consisting of sometimes one, 
sometimes two of the minute lumps of nuclein, these being 
apparently nothing but slight thickenings of the chromatin 
fibres. The yolk disks are, therefore, not nutritive masses 
floating freely in the protoplasm of the cells (like starch 
grains?), but they remain in organic connection with the 
nucleus. 

There are many further points of great interest which 
we have not yet succeeded in following ; for instance, the 
nature of the membrane dividing the cells, its relation to 
the spongioplasm, its gradual disappearance so that the 
spongioplasm of all the four cells becomes one continuous 
whole. We especially wished to find out whether the 
threads of spongioplasm of the different cells ran into 
one another through the membrane or not. The former 
seemed to us to be probable ; if not, we should have to 
assume that, on the disappearance of the nuclei of the 
nutritive cells, and of the dividing membranes, the threads 
of their spongioplasm joined those of the definitive egg- 
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cell, in order that the ripe egg should constitute an organic 
whole with yolk disks threaded on its chromatin filaments. 
Sedgwick's observations on the development of the Cape 
species of Peripatus ^ make it probable that these dividing 
membranes are but differentiations of the spongework itself. 
The disappearance of the membranes would then be nothing 
more than the r^-arrangement of their substance as a 
spongework, which must necessarily connect the spongeworks 
of the neighbouring cells. 



LITERATURE 

Besides the well-known text-books of Balfour {Em- 
bryology), Claus {Zoology), Gegenbaur, Huxley, and Lang 
{Comparative Anatomy), Gerstaecker {Crustacea, Vol V. of 
Bronn's Klassen und Ordnungen des Thierreichs), Haeckel 
Natiirliche Schopfungsgeschichte), Rollston {Forms of Animal 
Life), and Zittel, Nicholson, and Lyddeker {Falceontology), 
the following are the chief works which have been 
consulted : — 
Baird. — A Monograph of the Family Apodidae. Proceedings 

of ZooL Soc, London, 1853. 
Barrande. — Syst^me Silurien de la Boheme. Vol. L and 

Suppt. 
Beddard. — On the possible Origin of the Malpighian 

Tubules in the Arthropoda. Ann, N,H, (6) IV. 
Bourne (see. Lankester). 
Brady. — A Monograph of recent British Ostracoda. Tr. 

Linn, Soc. Vol. XXVI. 
Brauer. — Ueber die Entwickelung des Lepidurus pro- 
duct us, in Sits. Ber. d. K. Acad, d. Wissensc/i, 
Wien, Vol. LXIX., Pt. I., 1874. 

1 Q.y.M.S, Vol, XXVI, 



314 LITERATURE 



Brauer. — Beitragc zur Kenntniss der Phyllopoden. In the 

sartie, Vol. LXV., Pt. I., 1872, and further in 

1878. 
Buchanan. — Respiratory Organs in Decapodous Crustacea. 

QJM.S. Vol. XXIX. 
BuRMEiSTER. — Die Organisation der Trilobiten aus ihren 

lebenden Verwandten entwickelt. Berlin, 1843. 
CARRifeRE. — Die Sehorgane der Thiere. Miinchen und 

Leipzig, 1885. 
Clapar^de. — Les Anndlides Chaetopodes du golfe de 

Naples. Geneve, 1868, supplement, 1870. 
Claus. — Zur Kenntniss des Baues und der Entwickelung 

von Branchipus stagnalis und Apus cancriformis. 

Gottingen, 1873. 

Untersuchungen zur Erforschungen des Crusta- 

ceen Systems. Wien, 1876. 

Organisation und Entwickelung von Branchipus 

und Artemia. Arb, ZooL Inst. Wien, 1886. 

Neue Beitrage zur Morphologic der Crustaceen. 

Ark Zool, Inst Wien, 1886. 

Neue Beobachtungen iiber Cyprididen. Zeitsch, 

fur Wiss, ZooL Vol. XXIII. 

Organisation of Nebalia, and Systematic Position 

of the Leptostraca. Ann. N.H, (6) III. 
DoHRN. — Geschichte des Krebs-Stammes nach embryolo- 

gischen, anatomischen und palaeontologischen 

Quellen. Jenaische Zeitsch. Vol. VI., 187 1. 
Ehlers. — Die Borstenwiirmer. Leipzig, 1864-68. 
Fernald. — The Relationships of Arthropoda. Studies from 

Biol. Lab. Johns Hopkins University. Vol. IV., 

1890. 
V. Graber. — Morphologischen Untersuchungen iiber die 

Augen der frei-lebenden marinen Borstenwiirmer. 

Bonn, 1879. 



LITERATURE 315 



Grenacher. — Untersuchungen uber das Sehorgan der 

Arthropoden. Gottingen, 1879. 
Grobben. — Die Antennendriise der Crustaceen. Arb, Zool, 

Inst. Wien, 1880. 
„ Entwickelungsgeschichte der Moina rectirostris. 

Arb, Zool, Inst. Wien, 1879. 
Grube. — Bemerkungen iiber die Phyllopoden. Archiv fur 

Naturwiss. Vol. XIX., 1853. 
Hatschek. — Lehrbuch der 2k>ologie. 
Herrick — Metamorphosis and Morphology of certain 

Phyllopod Crustacea. Bulletin, Denison University, 

1885. 
Huxley. — The Crayfish. International Science Series. — 

4th Ed., 1884. 
Jones & Woodward. — Monograph of the British Palaeozoic 

Phyllopoda, 1888. 
KiNGSLEY. — Notes on the Embryology of Limulus. 

QJ.M,S. Vol. XXV. 
KoRSCHELT UND Heider. — ^Vergleichendc Entwickelungs- 
geschichte der wirbellosen Thiere. Jena, 1891. 
Kroyer. — Apus glacialis. Naturhist, Tidskrift, 2 Rak., 

1847. 
Lankester. — The Appendages and Nervous System of Apus 

Cancriformis. Q,/,M,Sc. Vol. XXI. 
„ Limulus an Arachnid. Q.J,M,S,^ XXI. And 

further Vol. XXV. 
Lankester and Bourne. — The minute Structure of the 

lateral and central Eyes of Scorpio and Limulus. 

QJ,M,S, Vol. XXIII. 
LiLLjEBORG. — Synopsis Crustaceorum Svecicorum. Reg. 

Soc. Sc. Upsaliensi. Tradita die vii. April. 1877. 

Lubbock. — Notes on some New and Little Known Species 
of Freshwater Entomostraca. Trans, Linnean Soc,,, 
1863. 



1 



3i6 LITERATURE 



LuBiiocK. — Origin and Metamorphosis of Insects. Nature 

Series, 1890. 
Milne Edwards. — Recherches sur TAnatomie des Limules. 

Anal Sc. Nat 5th Sene. T. XVII. Paris, 1873. 
MuLLER, Fritz. — Facts for Darwin. Translated by Dallas. 
Packard. — Monograph of the North American Phyllopoda, 

Twelfth Annual Report of the U.S. Geological 

Survey. Washington, 1883. 
., Development of Limulus Polyphemus. Soc. Nat. 

Hist., Boston, Vol. XI. 
„ Anatomy, Histology, and Embryology of Limulus 

Polyphemus. Boston, 1880. 

And other shorter papers by the same Author. 
Pelseneer. — Nervous System of Apus. Quart Journ, 

Micro, Sc, Vol. XXV. 
Walcott. — The Trilobite. Old and New Evidence relating 

to its Organization. BulL Mus, Comp, ZooL 

Vol. VIII. CamL, Mass., U.S., 1880-81. 
Watase. — On the Morphology of the Compound Eyes of 

Arthropods. Studies from Biol. Lab. Johns 

Hopkins University. Vol. IV., 1890. 
Woodward. — British Fossil Crustacea. 1872. 
Zaddach. — De Apodis Cancriformis. Bonn, 1841. 
Zenker. — Monographie der Ostracoden. 1854. 

&c., &c. 



NATURE SERIES. 

Crown 8vo. 

THE OBIGIN AND HETAMOBPHOSES OF INSECTS. 

By Sir JOHN LUBBOCK, M.P., F.R.S. With Illustrations. 3^. 6d, 

THE TBAirSIT OF VENUS. By Prof. G. Forbes. With 

Illustrations. 3;. 6d. 

POLABISATION OF LIGHT. By W. Spottiswoode^ 

LL.D. Illustrated, ^r. 6d. 

ON BBITISH WILD FLOWEBS CONSIDEBED IN 

RELATION TO INSECTS. By Sir JOHN LUBBOCK, M.P., F.R.S. 
Illustrated. 41. 61L 

FLOWEBS, FBUITS, AND LEAVES. By Sir John 

LUBBOCK, M.P., F.R S. Illustrated. 41. 6d. 

HOW TO DBAW A STBAIGHT LINE : A LECTUBE ON 

LINKAGES. ByA. B. KEMPE, B.A. Illustrated, xs. 6d, 

LIGHT: A SEBIES OF SIMPLE, ENTEBTAINING, AND 

USEFUL EXPERIMENTS. By A. M. MAYER and C. BARNARD. 
Illustrated. 2s. 6tL 

SOUND : A SEBIES OF SIMPLE, ENTEBTAINING,^ 

AND INEXPENSIVE EXPERIMENTS. By A. M. MAYER. 3X. 6d. 

SEEING AND THINKING. By Prof. W. K. Clifford,. 

F.R.S. Diagrams. ^. 6d. 

CHABLES DABWIN. Memorial Notices reprinted from 

Nature. By THOMAS H. HUXLEY, F.R.S., G. J. ROMANES, F.R.S., 
Sir ARCHIBALD GEIKIE, F.R.S., and W. T. DYER, F.R.S. as. 6iL 

ON THE COLOUBS OF FLOWEBS. By Grant Allen. 

Illustrated, sr. 6d. 

THE CHEMISTBT OF THE SECONDABT BATTEBIES 

OF PLANTli: AND FAURE. By J. H. GLADSTONE and A. TRIBE. 
at, 6d, 

ACENTUBT OF ELECTBICITT. By T. 0. Msnsbnhall. 
ON LIGHT. The Burnett Lectures. By Sir George 

GABRIEL STOKES, M.P., F.R.S. Three Courses: I. On the Nature of 
Light II. On Light as a Means of Investigation. III. On Bene6cial Effects 
of Light. 7X. 6d, 

THE SCIENTIFIC EVIDENCES OF OBGANIC EVOLU- 
TION. ByGEORGE J. ROMANES, m:A.,LL.D. as, 6d. 

POPULAB LECTUBES AND ADDBESSES. By Sir 

WILLIAM THOMSON. In 3 vols. VoL L Constitution of Matter. Illustrated.. 
•js, 6tL Vol. III. Papers on Navigation. 7^. 6d. 

THE CHEMISTBT OF PHOTOOBAPHT. By Prof . K 

MELDOLA, F.R.S. Illustrated. 6s. 

MODEBN VIEWS OF ELECTBICITT. By Prof. O. J. 

LODGE, LL.D. Illustrated. 6f . &/. 

MACMILLAN AND CO., LONDON. 



NATURE SERIES— Continued. 

TIMBER AND SOME OF ITS DISEASES. By Prof. 

H. M. WARD, M.A. Illustrated. 6t. 

ABE THE EFFECTS OF USE AND DISUSE IN- 

HERITED ? An Examination of the View held by Spencer and Darwin. By 
W. PLAIT BALL. 3*. 6rf. 

THE BIOHTHAND - LEFTHAITDEDNESS. By Sir 

D. WILSON. Illustrated. 4s. 6d. 

OK COLOVB BLINDNESS. By T. H. Bicrebton. 

Illustrated. [/« i/te Press, 



EVERY THURSDAY AFTERNOON, Price 6rf. 
(A Specimen Number, post free, 6|</. stamps.) 

TT A.TTJlEtHi 

A Weekly Illustrated Journal of Science. 

N \TURE contains Original Articles on all subjects coming within the domain of 
"Science, contributed by the most eminent Scientists, belonging to all parts of the 
•world. 

Reviews, setting forth the nature and value of recent Scientific works, are written 
for Naturb by men who are acknowledged masters in their particular departments. 

The Correspondence columns of Nature, while forming a medium of Scientific 
•discussion and of intercommunication am ng the most distinguished men of Science, 
have become the recognized organ for announcing new discoveries and new illustra- 
tions of Scientific principles among observers of Nature all the world over — from 
Japan to San Francisco, from New Zealand to Iceland. 

The Serial columns of Nature contain the gist of the most important Papers that 
■appear in the numerous Scientific Journals which are now published at home and 
abroad, in various languages ; while longer Abstracts are given of the more valuable 
Papers which appear in foreign Journals. 

The Principal Scientific Societies and Academies of the world, British and foreign, 
have their transactions re^larly recorded in Nature, the Editor being in correspon- 
•dence, for this purpose, with representatives of Societies in all parts of the world. 

Notes from the most trustworthy sources appear each week recording the latest 
..gossip of the Scientific world at home and abroad. 

As questions of Science compass all limits of nationaUty, and are of universal in- 
terest, a periodical devoted to them may fitly appeal to the intelligent classes in all 
countries where its language is read. The proprietors of Nature aim so to conduct 
it that it shall have a common claim upon ail English-speaking peoples. Its articles 
are brief and condensed, and are thus suited to the circumstances of an active and 
<busy people who have little time to read extended and elaborate treatises. 



»» 



Subscriptions to " Nature 

Yearly 28^. | Half-Yearly 14^. 6ii, 

Quarterly •js.6d. 

To the Colonics, United States^ the Continent, and all places within tits 

Postal Union. 

Yearly 30J. 6d. \ Half-Yearly t^s. 6d. 

Quarterly 8^. 

P.O.O. to be made payable to MACMILLAN AND CO., 

Office: 29 BEDFORD STREET, STRAND. 

a 10 12.01. 



December, z8gx. 



A CLASSIFIED 



CATALOGUE OF BOOKS 

IN GENERAL LITERATURE 

PUBLISHED BY 

MACMILLAN AND CO. 

BEDFORD STREET, COVENT GARDEN, LONDON, W.C. 
Por purely Educational l^orks see Macmillan and Co.'s Educational Catalogue, 



AGBICULTUBE. 

{See also Botany; Gardening.) 

FRAN KLAND (Prof. P. F.).— A Handbook 
OF Agricultural Chemical Analysis. 
Cr. 8vo. js. 6d. 

TANNER (Henry). — Elementary Lessons 
IN THE Science of Agricultural Prac- 
tice. Fcp. 8vo. 3J. 6d, 

.First Principles op Agriculture. 

i8tno. IS. 

The Principles op Agriculture. For 

Use in Elementary Schools. Ext. fq>. Svo. — 
The Alphabet op the Principles op 
Agriculturb. 6d. — Further Steps in 
the Principles op Agriculture, is. — 
Elementary School Readings on the 
Principles op Agriculture for the 
Third Stage, zs. 

The Abbot's Farm; or, Practice with 

Science. Cr. Svo. 3jr. 6d. 

ANATOMT, Human. (6'^^ Physiology.) 

ANTHROPOLOGT. 

BROWN (T. Allen).— PALiBOLiTHic Man in 
North-West Middlesex. 8vo. 7*. 6d. 

DAWKINS (Prof. W. Boyd).— Early Man 
IN Britain and his Place in the Ter- 
tiary Period. Med. Svo. 25;. 

DAWSON (JamesX — Australian Abori> 
GiNEs. Small 4to. X4X. 

FINCK (Henry T.).— Romantic Love and 
Personal Beauty. 2 vols. Cr. Svo. iSj. 

FISON(L.)and HOWITT (A. W.).-Kami- 
laroi and Kurnai Group. Group-Mar- 
riage and Relationship, and Marriage hy 
Elopement. Svo. 15^. 

FR AZER (J. G.).— The Golden Bough : A 
Study in Comparative Religion. 2 vols. 
Svo. 28^. 

OALTON (Francb).— English Men op Sci- 
ence: TH&iR Nature and Nurture. 
Svo. 8x. 6d. 

Inquiries into Human Faculty and 

ITS Development. Svo. its. 

Record op Family Faculties. Con- 

sistinf^ of Tabular Forms and Directions for 
Entering Data. 4to. 2s. 6d. 

Life-History Album : Beinga Personal 

Note-book, combining Diary, Photograph 
Album, a Register of Height, Weight, and 
other Anthropometrical Observations, and a 
Record of Illnesses. 4to. 3f.6</.— Or with Cards 
of Wool for Testing Colour Vision. 4s. 6d, 

Natural Inheritance. Svo. gs. 



M'LENNAN (J. F.).— The Patriarchal 
Theory. Edited and completed by Donald 
M'Lennan, M.A. Svo. 14^. 

Studies in Ancient History. Com> 

prising "Primitive Marriage." Svo. xdr. 

MONTELIUS— WOODS.— The Civilisa- 
tion op Sweden in Heathen Times. 
By Prof. Oscar Montelius. Translated 
by Rev. F. H. Woods. lUustr. Svo. 141. 

TURNER (Rev. Geo.).— Samoa, a Hundred 
Years ago and long before. Cr. Svo. 9^. 

TYLOR (E. B.). — Anthropology. With 
Illustrations. Cr. Svo. 7^. 6d. 

WESTERMARCK (Dr. Edward).— The His- 
TORY OF Human Marriage. With Preface 
by Dr. A. R. Wallace. Svo. 14^. net. 

WILSON(Sir Daniel). — Prehistoric Annals 
OP Scotland. Illustrated. 2 vols. Svo. 36^. 

— — Prehistoric Man : Researches into Uie 
Origin of Civilisation in the Old and New 
World. Illustrated. 2 vols. Svo. 36;. 

The Right Hand : Left Handedness. 

Cr. Svo. 4r. 6d, 

ANnQUITIES. 

(See also Anthropology.) 

ATKINSON (Rev. J. C.).— Forty Years in 
A Moorland Parish. Ext. cr. Svo. Zs. 6d, 
net. — Illustrated EditioH. Z2f.net. 

BURN (Robert). — Roman Literature im 
Relation to Roman Art. With Illustra- 
tions. Ext. cr. Svo. 14X. 

DILETTANTI SOCIETY'S PUBLICA- 

TIONS. 
Antiquities op Ionia. Vols. I. — III. 2/. 2f. 

each, or 5/. 5*. the set, net. — ^Vol. IV. Folio» 

half morocco, 3/. i3jr. 6d. net. 
An Investigation op the Principles of 

Athenian Architecture. By F. C. 

Penrose. Illustrated. Folio, ft. js. net. 
Specimens op Ancient Sculpture : £gyp> 

tian, Etruscan, Greek, and Roman. 

Vol. II. Folio. 5/. 5*. net. 

DYER (Louis).— Studies op the Gods in 
Greece at certain Sanctuaries re- 
cently Excavated. Ext. cr. Svo. 2^.6d.net. 

GARDNER (Percy).— Samos and Samian 
Coins : An Essay. Svo. 7^. 6d. 

GOW(J., Litt.D.).— A Companion to School 
Classics. Illustrated. 3rd Ed. Cr. Svo. &r 

HARRISON (Miss Jane) and VERRA^ 

(Mr8.).->-MYTHOLOGY and MONUMENTS 

Ancient Athens. Illustrated. Cr. Svo. : 



ANTIQUITIES— ASTRONOMY. 



LaNCIANI (Prof. R.).— Ancient Rome in 
THE Light OP Recent Discoveries. 4to» 241. 

MAHAFFY (Prof. J. P.).— A Primer op 
Greek Antiquities. iSmo. it. 

Social Lipe in Greece prom Homer 

TO Menanoer. 6th Edit. Cr. 8vo. 91. 

— Rambles and Studies in Greece. II- 
lostrated. 3rd Edit. Cr. 8vo. xos. 6d, 
{See also History, p. ix.) 

NEWTON (Sir C T.).— Essays on Art and 

ARCHiBOLOGY. 8vo. IM. 6^ 

SHUCHHARDT(CarlX— Dr. Schliemann's 
Excavations at Troy, Tiryns, Mycenae, 
Orchombnos, Ithaca, in the Light op 
Recent Knowledge. Trans, by Eugenie 
Sellers. Preface by Walter Leap, Litt.D. 
Illustrated. 8va x&r. net 

STRANGFORD. {JSee Voyages and 
Travels.) 

WALDSTEIN (C.).— Catalogue op Casts 
IN THE Museum op Classical Archjbo- 
logy, Cambridge. Crown 8vo. is.td. — 
Large Paper Ekiition. Small 4to. ^r. 

WHITE (GilbertX (JSee Natural History.) 

WILKINS (Prof. A. S.).— A Primer op Ro- 
man Antiquities. i8mo. is. 

ARCHJBOLOOT. {See Antiquities.) 

ARCHITKCT U BE. 

FREEMAN (Prof. E. A.).— History op the 
Cathedral Church op Wells. Cr. 8vo. 
3f . td. 

— — Historical and Architectural 
Sketches, chibply Italian. Illustrated 
by the AuUior. Cr. 8vo. xar. 6^. 

HULL (E.). — A Treatise on Ornamental 
AND Building Stones op Great Britain 
AND Foreign Countries. 8vo. xu. 

MOORE (Prof. C. H.).— The Development 
AND Character op Gothic Architec- 
ture. Illustrated. Med. 8vo. x8f. 

PENROSE (F. C). (.S*^* Antiquities.) 

STEVENSON Q. J.X— House Architec- 
ture. With Illustrations. 3 vols. Roy. 
8vo. i8j. each. — ^Vol. I. Architecture; 
VoL II. House Planning. 

ART. 

(JSee also Music) 

ART AT HOME SERIES. Edited by 
W. J. LoPTiE, B.A. Cr. 8vo. 
The Bedroom and Boudoir. By Lady 

Barker, or. 6d. 
Needlework. By Elizabeth Glaister. 

Illustrated, or. 6d, 
Music in the House. By John Hullah. 

4th edit. or. 6d. 
The Library. B^ Andrew Lang, with a 

Chapter on English Illustrated Books, by 

Austin Dobson. y. dd. 
The Dining-Room. By Mrs. Loptib. 

With Illustrations, and Edit. ^s. 6d, 
Amateur Theatricals. By Walter H. 

Pollock and Lady Pollock. Illustrated 

by Kate Grbknaway. a^. 6d. 

ATKINSON a. B.).— An Art Tour to 
Northern Capitals op Europe. 8vo. xzs. 

BURN (Robert). {See Antiquities.) I 



CARR (J. Comyns).— Papers on Art. Cr. 
8vo. 8x. 6d. 

COLLIER (Hon. John).— A Primer op Art. 
x8mo. ts. 

COOK (E. T.).— A Popular Handbook to 
THE National Gallery. Including Notes 
collected from the Works of Mr. Ruskin. 
^rd Edit. Cr. 8vo, half morocco. 14^-. — 
Large paper Edition, 250 copies, z vols. 8vo. 

CRANE (Lucy).>-LECTURES on Art ani> 
THE Formation op Taste. Cr. 8vo. dr. 

DELAMOTTE(Prof. P. H.).— A Beginner's 
Drawing- Book. Cr. 8vo. y. 6d. 

ELLIS (Tristramy.— Sketching prom Na- 
ture. Illustr. by H. Stacy Marks, R.A., 
and the Author. 2nd Edit. Cr. 8vo. y. 6d» 

HAMERTON (P. G.).— Thought^ about 
Art. New Edit. Cr. 8vo. 8*. 6d. 

HOOPER(W. H.)and PHILLIPS(W. C ).— 
A Manual op Marks on Pottery ani> 
Porcelain. i6mo. 4^. 6d. 

HUNT (W.).— Talks about Art. With a 
Letter from Sir J. E. Millais, Bart., R.A. 
Cr. 8vo. y. 6d. 

LECTURES ON ART. By Regd. Stuart 
Poole, Professor W. B. Richmond, E. J. 
PoYNTER, R.A., J. T. Micklethwaitb» 
and William Morris. Cr. 8vo. 4^. 6d 

NEWTON (Sir C. l.y-iSee Antiquities.) 

PALGRAVE (Prof. F. T.).— Essays on Art. 
Ext. fcp. 8vo. 6s. 

PATER (W.).— The Renaissance: Studies 
in Art and Poetry. 4th Edit. Cr. 8vo. xos. 6d. 

PENNELL Qoscph).— Pen Drawing ani> 
Pen Draughtsmen. WithfxsS Illustrations. 
4to. 3/. ly. 6d. net. 

PROPERT (J. Lumsden).— A History of 
Miniature Art. Illustrated. Super roy. 
4to.3/. xy. 6d. — Bound in vellum. 4/. x\s. 6d. 

TURNER'S LIBER STUDIORUM : A 
Description and a Catalogue. By W. G. 
Rawlinson. Med. 8vo. xzs. 6d. 

TYRWHITT (Rev. R. St. John).— Our 
Sketching Club. 5th Edit Cr. 8vo. 7*. ttL 

WYATT (Sir M. Digby).— Fine Art: A 
Sketch of its History, Theory, Practi*, and 
Application to Industry. 8vo. y» 

A8TR0N0MT. 

AIRY (Sir G. B.).— Popular Astronq^t. 
Illustrated. 7th Edit. Fcp. 8vo. 4^. 6^ 

Gravitation. An Elementary Explai** 

tion of the Principal Perturbations in tie 
Solar System. 2nd Edit. Cr. 8vo. 7^. 6d. 

BLAKE (J. F.).— Astronomical Myths. 
With Illustrations. Cr. 8vo. ^. 

CHEYNE (C. H. H.).— An Elementary 
Treatise on the Planetary Theory. 
Cr. 8vo. 7^ . 6d. 

CLARK (L.) and SADLER (H.).— The Star 
Guide. Roy. 8vo. y. 

CROSSLEY (E.), GLEDHILL (J.), and 
WILSON (J. M.).— A Handbook op Dou- 
ble Stars. 8vo. 91s. 

Corrections to the Handbook of 

Double Stars. 8vo. x«. 



ATLASES—BIOGRAPHY. 



FORBES* (Prof. George).— The Transit op 
Venus. Illustrated. Cr. 8vo. y. 6d. 

GODFRAY (Hugh).— An Elementary 
Treatise on the Lunar Theory. 2nd 
Edit. Cr. 8vo. 5^. 6d. 

A Treatise on Astronomy, for the 

USB OP Colleges and Schools. 8vo. us. (hL 

LOCKYER(J. Norman, F.R.S.).— A Primer 
op Astronomy. Illustrated. i8mo. u. 

^■^ Elementary Lessons in Astronomy. 
Ilhistr. New Edition. Fcp. 8vo. 5J. id. 

'—^ Questions on the same. By J. Forbes 
Robertson. Fcp. 8vo. ij. dd. 

'—^ The Chemistry of the Sun. Illus- 
trated. 8vo. 14J. 

—^ The Mbteoritic Hypothesis of the 
Origin of Cosmical Systems. Illustrated. 
Bvo. \^s. net. 

•^^ The Evolution of the Heavens and 
THE Earth. Illustrated. Cr. 8vo. 

Star-Gazing Past and Present. Eix- 

panded from Notes with the assistance of 
G. M. Sbabroke. Roy. 8vo. 2iJ. 

MILLER (R, Kalley).— The Romance of 
Astronomy, and Edit. Cr. 8vo. 4^. td. 

NEWCOMB (Prof. Simon).— Popular As- 
tronomy. Engravings and Maps. 8vo. z&r. 

PENROSE (Francis).— On a Method of 
Predicting, by Graphical Construction, 

OCCULTATIONS OF StARS BY THE MoON AND 

Solar Eclipses for any given place. 

4tO. I2f. 

RADCLIFFE (Charles B.).— Behind the 
Tides. 8vo. 4^. (id, 

ROSCOE— SCHUSTER. (.S*^* Chemistry.) 

ATLASES. 

{,See also Geography). 

BARTHOLOMEW (J. G.).— Elementary 

*" School Atlas. 410. xs. 

Physical AND Political School Atlas. 

80 maps. 4to. 8j. td. ; half mor. \os. 6d. 
Library Reference Atlas of the 

World. With Index to 100,000 places. 

Folio. 53J. 6d. net. — Also in 7 monthly parts. 

Part I. March, 1891. 5^. net ; Geographical 

Index, js. 6d. net. 

LABBERTON (R. H.).— New Historical 
Atlas and General History. 4to. iss. 

BIBLE. (See itnder Theology, p. 30.) 

BIBUOGRAPHT. 

A BIBLIOGRAPHICAL CATALOGUE OF 
MACMILLAN AND CO.'S PUBLICA- 
TIONS, 1843—89. Med. 8vo. los. net. 

MAYOR (Prof. John E. B.^— A Bibliogra- 
phical Clue to Latin Literature. Or. 
8vo. lof . 6d. 

RYLAND (F.).— Chronological Outlines 
op English Literature. Cr. 8vo. 6s. 

BI0ORAPH7. 

(See also History.) 
For other subjects of Biography, see English 
Men of Letters, English Men of 
Action, Twelve English Statesmen. 

AGASSIZ (Louis): His Life and Corres- 
pondence. Edited by Elizabeth Cary 
Agassiz a vols. Cr. 8vo. z8«. 



ALBEMARLE (Earl of).— Fifty Years op 
My Life. 3rd Edit., revised. Cr. 8vo. ^s. 6d, 

ALFRED THE GREAT. By Thomas 
Hughes. Cr. 8vo. 6s. 

AMIEL {Henri Frederic).— The Journal 
Intime. Translated by Mrs. Humphry 
Ward. 2nd Eidit. Cr. 8vo. 6s. 

ANDREWS (Dr. Thomas). (See Physics.) 

ARNAULD, ANGELIQUE. By Frances 
Martin. Cr. 8vo. 4*. 6d. 

ARTEVELDE. Tames and Philip van 
Artevelde. By W. J. Ashley. Cr. 8vo. 6*. 

BACON (Francis) : An Account of his Life 
AND Works. By E. A. Abbott. 8vo. x4j. 

BARNES. Life of William Barnes, Poet 
AND Philologist. By his Daughter, Lucy 
Baxter (" Leader Scott "). Cr. 8vo. 7*. 6d. 

BERLIOZ (Hector): Autobiography op. 
Tms. by R.& E.Holmes, a vols. Cr.8vo, ait, 

BERNARD (St.). The Life and Times op 
St. Bernard, Abbot of Clairvaux. By 
J. C. MoRisoN, M.A. Cr. 8vo. 6*. 

BLACKBURNE. Life of the Right Hon. 
Francis Blackburne, late Lord Chancellor 
of Ireland, by his Son, Edward Black- 
burne. With Portrait. 8vo. 12s. 

BLAKE. Life of William Blake. With 
Selections from his Poems, etc. Illustr. from 
Blake's own Works. By Alexander Gil- 
christ. 2 vols. Med. 8vo. 42J. 

BOLEYN (Anne) : A Chapter of English 
History, 1527 — 36. By Paul Friedmann. 
2 vols. 8vo. 2&r. 

BROOKE (Sir Jas.), The Raja of Sara- 
wak (Life of). By Gertrude L. Jacob. 
2 vols. 8vo. 25J. 

BURKE. By John Morley. Globe 8vo. 5*. 

CALVIN. (See Select Biography, p. 5.) 

CARLYLE (Thomas). Edited by Charles 

E. Norton. Cr. 8vo. 

Reminiscences. 2 vols. 12*. 

Early Letters, 1814 — 26. 2 vols. x8*. 

Letters, i8a6 — 36. 2 vols. i8j. 

Correspondence between Goethe 

AND Carlyle. gs. 

CARSTARES (Wm.): A Character and 
Career of the Revolutionary Epoch 
(1649 — 1715). By R. H. Story. 8vo. 12*. 

CAVOUR. (See Select Biography, p. 5.) 

CHATTERTON : A Story of the Year 
1770. By Prof. David Masson. Cr. 8vo. 5*. 

A Biographical Study. By Sir Daniel 

Wilson. Cr. 8vo. 6s. 6d. 

CLARK. Memorials from Journals anj> 
Letters of Samuel Clark, M.A. Edited 
by his Wife. Cr. 8vo. js. 6d. 

CLOUGH (A. H.). (See Literature, p. 19.) 

COMBE. Life of George Combe. By 
Charles Gibbon. 2 vols. 8vo. 

CROMWELL. (See Select Biog^phy, p. 5.) 

DAMIEN (Father): A JourneWkrom Cash- 
mere TO his Home in H AWAiif By Edward 
Clifford. Portrait. Cr. 8v^. zs. 6d. 

DANTE: and other Essays. By Dean 
Church. Globe 8vo. 5^. ; 



DARWIN {ChirM: Mehoiiial NoTrces, 
by T. H. Huiuv, C. 1. Romanes, Sir 
AKtH. Geikib, and W. Thi3ei.tom Dveh. 
Wiita Poriiut. Lt. Svo. m. 6ilL 

DLAK(Knaci>): Muhgabian Statssmah. 

DRUMMOND OF HAWTHORNDEN. By 

Pruf. D. Mauon. Cr. Bvo. loi. 6^ 
EADIE. Life of Iohk Eadib, D.D. By 

Jahks Bhowh, D.U Cr. Svo. 71.&/. 
ELLIOIT. Life of H. V. Elliott, ot 

Briohton. ByJ. Batbhah. Cr.Svo. 6j. 
EMI':RS0N. LifbofRalfhWaldoEhbh- 

SON. ByJ. L.Cabot. ivoIi. Ct.Bvo. lii. 
ENIiLISH MEN OF ACTION. Ct. 8to. 
With PotuEuu. u.&Z. <acb. 

Clivb. By CoLonci Sir Charlbs Wilson. 

Cook (CaitainI. By Walt.b Besakt. 

Dahfier. By W. Clark Kuuell. 

DHAKE. By J ULtAN COIBBTT. 
GokuonCGenhbal). ByCol.SirW.BuTLBR. 
Hastings (Wakreh). By Sir A. Lvall. 

HAKELOClCtSlBHENEv). By A. FOBBBS. 

UehrvV. ByibeRcv. a./. Church. 

Lawiibnce(UirdX By Sir Rich. Tbhflb. 
LivmosTONK. By Thomas HuoHRS. 
Monk. By Julian Cobbett. 

MOHTBOSK. By MOWBBAV MOBMS. 

Muoue(5i rJokhXBvCoI.Ma uii«:x.[/m»rrf. 
Nafibr (Sir Charles). By Colonel Sir 
Wu. Butler. 



By David Hanhav. 
E MoNTPORT. By G. W. Pro. 

RD. By H. D. Traill. 



MEN OF LETTERS. EiiiHd 

byJoHNMoRLKY. Cr. flvo. ii.6a.tetb. 
-•■-' •"■■■— -- id. : tEwcd, IS. 



Cheap Edi _ 

Addison. By W. T Cou.thd. 
Bacon. By Dean Ckubch. 
Bentlev. By Prof. Jebb. 

Burke. ' Bv^ohn'Morlev. 
Burns. By Principal Shairp. 
BVRON. By Prof. NlCHOL 
Chaucer. By Pmf. A. W. Ward. 
Coleridge. By H. D. Traill. 
CowFEi. By GoLDwiN Smith. 
Dbfoe. By W. MiNTO. 
Da QuiHCBV. By Prof. Masson. 
Dickens. By A. W. Ward. 
Dryden. By G, Saintsbuev. 
Fielding, By Austin Dobson. 

GtBBDH. By J. CoTTBR MORISON. 

Goldsmith. By William Black. 
Gray. By Edmund Gosse. 
Hawthorne. By Henry Jambs. 
Hume. ByT. H, Huxlbv. 
Johnson. By Leslie Stephsm. 
Sbats. By Sidney Colvih. 
Lamb. By R*v. Alfmd Ainceb. 

Locke. Bj Prof, Fowler. 
Macaulay. By J. Cotter Mor^son. 

Pofk. By Ijay,* Stephem. 
Scott. fiyR. H. Huttob. 



ENGLISH MEN OF LETTERS~<»iuyi 

ShELLEV. Bv J. A. SVMONDS. 

ly Mn. Oliphant. 



Stbrne. By H. D. Traill. 



ENGLISH STATESMEN, TWELVE 

Ci. Svo. 31. 6d. each. 
William the Conqubror. By Eswaui 

A. Fkeemah, D.CX., LL.D. 
Henry IL By Mn. J. R. Gre 
Edward I. Bv P. Y. Powell. 
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RATUR«, 



FORBES(Edward): Hemoirof. ByG 
Wilson, M.F,, and Sir Archibald G 
F,R,S., etc. Demy Bvo. 141, 

FRANCIS OF ASSISL ByMrs, OiJI 



ERASER. Jai 

OF Mai 

Hughes. 

GARIBALDI, (i-nSEi. 
GOETHE: Lifi 



By T. 

PHY, p. 5.) 



HANDEL: Life ac 



By W. a RocKSTm>, 



HOBART. (,Sa Collected Works, p. ii.) 
HODGSON. Mbmoib of Rev, FitANctB 

HoDC$ON,B,D, By bis Son, Rev. James T. 
Hodgson. M,A. a vols. Cr, Svo, .8/. 

JEVONS(W. Stanley).— Lkttbhs and Jodb- 
kal. EjUled by His Wipe, Bvo, 141. 

KAVANAGH (Ri. Hon. A, McMunouEhl : A 
Biography. From papers chiefly unpub- 
lished, compiled by bis Cousin, Sarah L. 



LAMB. The Life or Charlb; 

Rev. Alfred Aihcbb, M.A, ( 

LOUIS (Sl). (.fK Select Bioi 



BIOGRAPHY— BIOLOGY. 



MACMILLAN (D.). Memoir op Daniel 
Macmillan. By Thomas Hughes, Q.C. 
With Portrait. Cr. 8vo. 4*. 6^.— Cheap 
Edition. Cr. 8vo, sewed, is. 

MALTHUS AND HIS WORK. By James 
BoNAR. 8vo. las. (td, 

MARCUS AURELIUS. {See Select Bio- 

GRAPHY, p. 5.) 

MATHEWS. The Lipe op Charles J. 
Mathews. Edited by Charles Dickens. 
With Portraits. 2 vols. 8vo. 25*. 

MAURICE. Lipe op Frederick Denison 
Maurice. By his Son, Frederick Maurice, 
Two Portraits. 2 vols. 8vo. 36*. — Popular 
Edit. (4th Thousand). 2 vols. Cr. 8vo. x6x. 

MAXWELL. Propessor Clerk Maxwell, 
A Lipe op. By Prof. L. Campbell, M.A., 
and W. Garnbtt, M.A. Cr. 8vo. 7*. 6d, 

MAZZINI. {See Select Biography, p. 5.) 

MELBOURNE. Memoirs op Viscount 
Melbourne. By W. M. Torrens. With 
Portrait. 2nd Edit. 2 vols. 8vo. 32X. 

MI ALL. Lipe op Edward Miall. By his 
Son, Arthur Miall. 8vo. ios. 6d. 

MILTON. The Lipe op John Milton. 

By Prof. David Masson. Vol. I., 2». ; 

VoL III., 18*. ; Vols. IV. and V., 32*. ; Vol. 

VI., with Portrait, 21X. {See also Classical 

Writers, p. 13.) 
NAPOLEON I., HISTORY OF. By P. 

Lanprey. 4 vols. Cr. 8vo. 3ar. 

NELSON. Southby's Lipe op Nelson. 
With Introduction and Notes by Michael 
Macmillan, B.A. Globe 8vo. y. 6d, 

NORTH (M.). — Recollections op a Happy 
Lipe. Being the Autobiography of M ari anne 
North. Edited by Mrs. J. A. Symonds. 

OXFORD MOVEMENT, THE, 1833—45. 
By Dean Church. 8vo. lor. 6d. net. 

PATTESON. Lipe and Letters op John 
Coleridge Patteson, D.D., Missionary 
Bishop. By C. M. Yonge. 2 vols. Cr. 8vo. 
i8«. {See also Books por the Young.) 

PATTISON (M.).— Memoirs. Cr.8vo. 8*.&/. 

PITT. {See Select Biography, p. 5.) 

POLLOCK (Sir Frdk. , 2nd Bart.).— Personal 
Remembrances. 2 vols. Cr. 8vo. x6f. 

POOLE, THOS., AND HIS FRIENDS. 
By Mrs. Sandpord. 2 vols. Cr. 8vo. 15X. 

PYM. {See Select Biography, p. 5.) 

ROBINSON (Matthew) : Autobiography op. 
Edited by J. E. B. M!ayor. Fcp. 8vo. 5^ . 

ROSSETTI fDante Gabriel) : A Record and 
A Study. By W. Sharp. Cr. 8vo. 10*. td, 

RUMFORD. {See Collected Works, p. 22.) 

SCHILLER, Lipe op. By Prof. Heinrich 
DOntzer. Translated by Percy E. Pin* 
KBRTON. Cr. 8vo. lor. 6d. 

SENECA. {See Select Biography, p. 5.) 

SHELBURNE. Lipe op William, Earl 
OP Shblburne. By Lord Edmond Fitz- 
MAURICE. In 3 vols.— Vol. I. 8vo. 12*. — 
Vol. II. 8vo. X2*.— Vol. III. 8vo. 161. 

SIBSON. {See Medicine.) 

SMETHAM (Jas.). : Letters op. Ed. by 
Sarah Smbtham and W. Davixs. Portrait. 
Cr. 8vo. ^** 6d. net. 



SPINOZA : A Study op. By James Mar- 
tineau. LL.D. 2nd Edit. Cr. 8vo. 6s, 

TAIT. The Lipe op Archibald Campbell 
Tait, Archbishop op Canterbury. Bv 
the Bishop op Rochester and Rev. W, 
Benham, B.D. 2 vols. Cr. 8vo. 10s. net. 

Catharine and Crawpukd Tait, 

Wipe and Son op Archibald Campbell, 
Archbishop op Canterbury: A Memoir. 
Ed. by Rev. W. Benham, B.D. Cr.8vo. 6*. 
—Popular Edit., abridged. Cr.8vo. 2s. 6d. 

THRING (Edward): A Memory op. By 

J. H. Skrine. Cr. 8vo. 6s. 
VICTOR EMMANUEL II., FIRST KING 

OF ITALY. By G. S. Godkin. Cr. 8vo. fix. 

WARD. William George Ward and the 
Oxpord Movement. ByhisSon, Wilprid 
Ward. With Portrait. 8vo. 14J. 

WATSON. A Record op Ellen Watson. 
By Anna Buckland. Cr. 8vo. 6s. 

WHEWELL. Dr. William Whewell, late 
Master of Trinity College^ Cambridge. An 
Account of his Writings, with Selections from 
his Literary and Scientific Correspondence 
By I. Todhunter, M.A. 2 vols. 8vo. 25*, 

WILLIAMS (Montagu).— Leaves op a Lipe. 
Cr. 8vo. 3J. 6d. ; sewed., 2J. 6d. 

Later Leaves. Being further Reminis- 
cences. With Portrait. Cr. 8vo. 3*. 6d. 

WILSON. Memoir op Prop. George Wil- 
SON, M.D. By His Sister. With Portrait. 
2nd Edit. Cr. 8vo. 6s. 

WORDSWORTH. Dove Cottage, Words- 
worth's Home, 1800 — 8. Gl. 8vo, swd. i*. 

Select Blograpliy. 

FARRAR (Archdeacon). —Seekers apter 
God. The Lives op Seneca, Epictetus, 
AND Marcus Aurelius. Cr. 8vo. 3^. 6d. 

FAWCETT (Mrs. H.). — Some Eminent 
Women op our Times. Cr. 8vo as. 6d. 

GUIZOT. — Great Christians op France : 
St. Louis and Calvin. Cr. 8vo. 6s. 

HARRISON (Frederic).— The New Calen- 
dar OP Great Men. Ext. cr. 8vo. 

MARRIOTT O- A. R.).— The Makers op 
Modern Italy: Mazzini, Cavour, Gari- 
baldi. Cr. 8vo. IS. 6d. 

MARTINEAU (Harriet). — Biographical 
Sketches, 1852 — 75. Cr. 8vo. 6s. 

SMITH (Goldwin).— Th ree English States- 
men : Cromwell, Pym, Pitt. Cr. 8vo. 5*, 

WINKWORTH (Catharine). — Christian 
Singers op Germany. Cr. 8vo. 4;. 6d. 

YONGE (Charlotte M.).— The Pupils op St. 
John. Illustrated. Cr. 8vo. 6s. 

Pioneers and Founders; or. Recent 

Workers in the Mission Field. Cr. 8vo. 6s» 

A Book op Worthies, gathered prom 

THE Old Histories and written Anew. 
z8mo. 41. 6d. 

A Book OP Golden Deeds. i8mOb 4^.6^ 

— Abridged Edition, x8mo. xs. — Globt 
Ree^ngs Edition. Globe 8vo. as. 

BIOL007. 

{See also Botany ; Natural History ; 

Physiology; Zoology.) 

BALFOUR (F. M.). — Elasmobranch 

Fishes. With Plates. 8vo. a\s. 

Comparative Embryology. Illustrate 

a vols. 8vo. Vol. I. z8«. Vol. II. az« 



BIOLOGY— BOTANY. 



BALL(W. P.). — ^Are the Effects op Use 
AND Disuse Inherited? Cr. 8vo. 3^.6^ 

BASTIAN (H. Charlton).— The Beginnings 
OF Life, a vols. Crown 8vo. aSf. 

— — Evolution and the Origin op Life. 
Cr. 8vo. 6s. 6d. 

BATESON (W.).— Materials for the 
Study of Variation in Animals. Part I. 
Discontinuous Variation. Illustr. 8vo. 

BIRKS (T. R.).— Modern Physical Fa- 
talism. AND the Doctrine of Evolution. 
Including an Examination of Mr. Herbert 
Spencer's " First Principles." Cr. 8vo. 6*. 

EIMER (G. H. T.).--Organic Evolution 
AS the Result of the Inheritance of 
Acquired Characters according to the 
Laws of Organic Growth. Translated by 
J. T. Cunningham, M.A. Bvo. x&r. 6d. 

FISKE (John). — Outlines of Cosmic Philo- 
sophy, based on the Doctrine of Evo- 
lution. 2 vols. Bvo. 25^. 

•^— Man's Destiny Viewed in the Light 
OF HIS Origin. Cr. 8vo. 3J. 6<£ 

FOSTER (Prof. Michael) and BALFOUR 
(F. M.). — The Elements of Embryology. 
Edited by Adam Sedgwick, M.A., and 
Walter Heape. Illustrated. 3rd Exlit., 
revised and enlarged. Cr. Bvo. lor. 6d. 

HUXLEY (T. H.) and MARTIN (H. N.).— 
{See under Zoology, p. 40. ) 

KLEIN (Dr. E.). — Micro-Organisms and 
Disease. An Introduction into the Study 
of Sj^cific Micro-Organisms. With 121 En- 
gravings. 3rd Edit. Cr. Bvo. ts. 

LANKESTER (Prof. E. Ray).— Compara- 
tive Longevity in Man and the Lower 
Animals. Cr. Bvo. 4^. 6d, 

LUBBOCK (Sir John, Bart.).— Scientific 
Lectures. Illustrated, snd Edit. 8vo. &r. 6d. 

PARKER (T. Jeffery).— Lessons in Ele- 
mentary Biology. Illustr. Cr. Bvo. los.td. 

ROMANES (G. J.).— Scientific Evidences 
of Organic Evolution. Cr. Bvo. 2*. 6d, 

WALLACE (Alfred R.).— Darwinism : An 
Exposition of the Theory of Natural Selec- 
tion, with some of its Applications. Illus- 
trated. 3rd Edit. Cr. Bvo. 9*. 

•^— Contributions to the Theory of 
Natural Selection, and Tropical Na- 
ture : and 6ther Essays. New Ed. Cr.Bvo. 6f. 

The Geographical Distribution of 

Animals. Illustrated. 2 vols, Bvo. 42;. 

Island Life. Illustr. Ext. Cr. Bvo. 6s. 

BIRDS. (See Zoology; Ornithology.) 

BOOK-KEEPINa. 

THORNTON (J.).— First Lessons in Book- 
keeping. New Eldition. Cr. Bvo. 2^. 6d, 
— — Key. Oblong 4to. lof. 6d, 

Primer of Book-keeping. iBmo. i*. 

^— Key. Demy Bvo. 2j. 6d. 

Exercises in Book-keeping. iBmo. i*. 

BOTANY. 

See also Agriculture ; Gardening.) 

ALLEN (Grant). — On the Colours of 
Flowers. Illustrated. Cr. Bvo. y. 6d, 



BALFOUR (Prof. J. B.) and WARD (Prof. 
H. M.). — A General Text-Book op 
Botany. 8vc. \In preparatunu, 

BETTANY (G. T.).— First Lessons in Prac- 
tical Botany. xBmo. is. 

BOWER (Prof. F. O.).— A Course of Prac- 
tical Instruction in Botany. Cr. 8vo. 
xor. 6d. — ^Abridged Exiition. \In preparaium* 

CHURCH (Prof. A. H.)and SCOTT (D. H.>. 
— Manual of Vegetable Physiology. 
Illustrated. Crown Bvo. [In preparatum* 

GOODALE (Prof. G. L.).— Physiological 
Botany. — i. Outlines of the Histology 
OF Ph^nogamous Plants ; 2. Vegbtablb 
Physiology. Bvo. 10s. 6d. 

GRAY (Prof. Asa).— Structural Botany; 
or, Organography on the Basis of Mor- 
phology. Bvo. lof. 6d. 

The Scientific Papers of Asa Gray. 

Selected by C. S. Sargent. 2 vols. Bvo. axx. 

HANBURY (Daniel). — Science Papers, 
chiefly Pharmacological and Botani- 
cal. Med. Bvo. x\s. 

HARTIG (Dr. Robert).— Text-Book op thb 
Diseases of Trees. Transl. by Prof. Wm. 
Somerville, B.Sc. With Introduction l^ 
Prof. H. Marshall Ward. Bvo. 

HOOKER (Sir Joseph D.).— The Student's 
Flora of the British Islands. 3rd 
Edit. Globe Bvo. lor. 6d. 

A Primer of Botany. iBmo. i*. 

LASLETT (Thomas).— Timber and Timber 
Trees, Native and Foreign. Cr. 8vo. 
Zs.6d. 

LUBBOCK (Sir John, Bart.).— On British 
Wild Flowers considered in Relation 
to Insects. Illustrated. Cr. Bvo. 4r. 6d. 

Flowers, Fruits, and Leaves. With 

Illustrations. Cr. Bvo. 4r. 6d. 

MULLER— THOMPSON. — THtf Fertili- 
sation OF Flowers. By Prof. H. MOllek. 
Transl. by D'Arcy W. "Thompson. Preface 
by Charles Darwin, F.R.S. Bvo. 2i«. 

OLIVER (Prof. Daniel).— Lessons in Ele- 
mentary Botany. Illustr. Fcp.Bvo. ^.6eL 

First Book of Indian Botany. Illus- 
trated. Ext. fcp. Bvo. 6s. 6d. 

ORCHIDS : Being the Report on thb 
Orchid Conference held at SotJTH Ken- 
sington, 1BB5. Bvo. 2S. net. 

PETTIGREW G. Bell).— The Physiology 
OF THE Circulation in Plants, in thk 
Lower Animals, and in Man. Bvo. za«. 

SMITH (J.). — Economic Plants, Diction- 
ary OF Popular Names of ; 'Their His- 
tory, Products, and Uses. Bvo. Z4r. 

SMITH (W. G.).— Diseases of Field and 
Garden Crop§, chiefly such as arb 
CAUSED BY Fungi. lUust. Fcp. Bvo. 4^. 6eL 

STEWART (S. A.) and CORRY (T. H.).— 
A Flora of the North-East op Ireland. 
Cr. Bvo. 5J. 6d. 

WARD (Prot. H. M.). — Timber and some op 
its Diseases. Illustrated. Cr. Bvo. 6f. 

YONGE^C. M.).— The Herb of the Field. 
New Edition, revised. Cr. Bvo. 5/. 



CHEMISTRY— DICTIONARIES. 



BBBWINO AND WINS. 

PASTEUR — FAULKNER. — Studies on 
Fermentation : The Diseases op Beer, 
THEIR Causes, and the means of pre- 
venting THEM. By L. Pasteur. Traos- 
lated by Frank Faulkner. 8vo. ais. 

THUDICHUM O. L. W.) and (DUPR6 (A.). 
— Treatise on the Origin, Nature, and 
Varieties op Wine. Med. 8vo. 25s, 

CHEMISTB7. 

(See also Metallurgy.) 

BRODIE(Sir Benjamin). — Ideal Chemistry. 
Cr. 8vo. ay. 

COHEN (J. B.). — The Owens College 
Course of Practical Organic Chemis- 
TRY. Fcp. 8vo. 2J. 6d, 

COOKE (Prof. J. P., jun.).— Principles of 
Chemical Philosophy. New Edition. 
8vo. 16s. 

FLEISCHER (Emil).— A System of Volu- 

METRIC Analysis. Transl. with Additions, 

by M. M. P. MuiR, F.R.S.E. Cr.8vo. js.td. 

FRANKLAND (Prof. P. F.). {See Agri- 

CULTURE.) 

GLADSTONE (J. H.) and TRIBE (A.).— 
The Chemistry of the Secondary Bat- 
teries of Plants and Faure. Cr.Svo. ns.Sd, 

HARTLEY (Prof. W. N.).— A Course of 

8UANTITATIVB Analysis for Students. 
lobe 8vo. 5f . 

HEMPEL (Dr. W.).— Methods of Gas 
Analysis. Translated by L. M. Dennis. 
Cr. 8vo. [In the Press. 

HOFMANN (Prof. A. W.).— The Life Work 
OF Liebig in Experimental and Philo- 
sophic Chemistry. 8vo. ss. 

JONES (Francis).— The Owens College 
Junior Course of Practical Chemistry. 
Illustrated. Fcp. 8vo. 2j. 6d, 

Questions on Chemistry. Fcp.8vo. 3*. 

LANDAUER (J.). — Blowpipe Analysis. 
Translated by J. Taylor and W. E. Kay. 

LOCKYER 0- Norman, F.R.S.).— The 
Chemistry of the Sun. Illustr. 8vo. x^r. 

LUPTON (S.). — Chemical Arithmetic 
With 1200 Problems. Fcp. 8vo. \s. 6d. 

MANSFIELD (C. B.).— A Theory of Salts. 
Cr. 8vo. 14J. 

MELDOLA (Prof. R.).— The Chemistry of 
Photography. Illustrated. Cr. 8vo. 6s. 

MEYER (E. von). — History of Chemistry 
from the Earliest Times to the Pre- 
sent Day. Translated by G. McGowan, 
Ph.D. 8vo. i4f. net. 

MIXTER (Prof. W. G.).— An Elementary 
Text-Book op Chemistry. Cr. 8vo. 7*. 6d. 

MUIR (M. M. P.).— Practical Chemistry 
FOR MEDiCALSTUDENTs(First M.B. Course). 
Fcp. 8vo. IS. 6d. 

MUIR (M. M. P.) and WILSON (D. M.).— 
ElementsofThermalChemistry. iis.6d. 

OSTWALD (Prof.).— Outlines op General 
Chemistry. Trans. Dr. J. Walker, iof.net. 

RAMSAY (Prof. William).— Experimental 
Proofs of Chemical Theory for Begin- 
ners. i8mo. 9s. 6d. 



REMSEN (Prof. Ira).— The Elements o» 

Chemistry. Fcp. 8vo. 2*. 6d. 
An Introduction to the Study of 

Chemistry (Inorganic Chemistry). Cr. 

8vo. 6s. 6d. 
A Text-Book of Inorganic Chemis* 

try. 8vo. i6s. 
Compounds of Carbon ; or, An Intro- 
duction to the Study of Organic Chemistry. 

Cr. 8vo. 6s. 6d. 
ROSCOE (Sir HenrvE., F.R.S.).— A Primer 

OF Chemistry. Illustrated. x8mo. is. 
Lessons in Elementary Chemistry^ 

Inorganic and Organic. Fcp. 8vo. /^. 6d. 

ROSCOE (Sir H. E.)and SCHORLEMMER 
(Prof. C.).— A Complete Treatise on In- 
organic AND Organic Chemistry. Illustr. 
8vo. — Vols. I. and II. Inorganic Chemis- 
try: Vol. I. The Non-Metallic Ele- 
ments, 2nd Edit., 2 If. Vol. II. Parts I. 
and II. Metals, 18*. each. — Vol. III. Or- 
ganic Chemistry : The Chemistry of the 
Hydro-Carbons and their Derivatives. 
Parts I. II. and IV. 21X. ; Parts III. and V. 
18*. each. Part VI. 

ROSCOE (Sir H. E.) and SCHUSTER (A.). 
— Spectrum Analysis. By Sir Henry E. 
RoscoE. 4th Edit., revised by the Author 
and A. Schuster, F.R.S. With Coloured 
Plates. 8vo. 2 if. 

THORPE (Prof. T. E.) and TATE (W.).— 
A Series of Chemical Problems. With 
Key. Fcp. 8vo. 2f. 

THORPE (Prof. T. E.) and RUCKER (Prof. 
A. W.).— A Treatise on Chemical Phy- 
sics. Illustrated. 8vo. [I^t preparation, 

WURTZ (Ad.).— A History op Chemical 
Theory. Transl. by H. Watts. Cr. 8vo. 6*. 

CHRISTIAN CHURCH, History of the. 

{See under Theology, p. 31.) 

CHURCH OF ENGLAND, The. 

{See under Theology, p. 32.) 

COLLECTED WORKS. 

{See under Literature, p. 19.) 

COMPARATIVE ANATOIIT. 

{See under Zoology, p. 39.) 

COOKERY. 

{See under Domestic Economy, p. 8.) 

DEVOTIONAL BOOKS. 

{See under Theology, p. 32.) 

DICTIONARIES AND GLOSSARIES. 

AUTENRIETH Pr. G.).— An Homeric 
Dictionary. Translated from the German, 
by R. P. Keep, Ph.D. Cr. 8vo. 6*. 

BARTLETT (J.).— Familiar Quotations. 
A Shakespeare Glossary. Cr. 8vo. 

X3X. 6d. 
GROVE (Sir George).— A Dictionary of 

Music and Musicians. {See Music.) 
HOLE (Rev. C.).— A Brief Biographical 

Dictionary. 2nd Edit. i8mo. 4;. 6d, 
MASSON (Gustave).— A Compendious Dic- 
tionary OF THE French Language. 

Cr. 8vo. 3f . 6d. 
PALGRAVE (R. H. I.).— A Dictionary op 

Political Economy. {See Poutical 

Economy.) 
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DOMESTIC ECONOMY— ENGINEERING. 



WHITNEY (Prof. W. D.).— A Compendious 
German and English Dictionary. Cr. 
8vo. ss. — German-English Part separately. 

WRIGHT (W. Aldis).— The Bible Word- 
book, and Edit. Cr. 8vo. js. 6d. 

YONGE (Charlotte M.).—History of Chris- 
tian Names. Cr. 8vo. 7s. 6d. 

DOMESTIC BCOKOIIY. 

Cookery — Nursittg — Needlework, 

Ooolairy, 

BARKER (Lady).— First Lessons in the 
■ Principles op cooking. 3rd Ed. iSmo. is. 
FREDERICK (Mrs.).— Hints to House- 
- Wives on Several Points, particularly 
ON THE Preparation of Economical and 
Tasteful Dishes. Cr. 8vo. is. 

MIDDLE-CLASS COOKERY BOOK, The. 
Compiled for the Manchester School of 
Cookery. Fcp. 8vo. ts. 6d. 

TEGETMEIER (W. B.).— Household Man- 
agement and Cookery. xSmo. xs. 

WRIGHT (Miss Guthrie). — The School 
Cookery-Book. i8mo. is. 

Nuraing. 
CRAVEN (Mrs. Dacre).— A Guide to Dis- 
trict Nurses. Cr. 8vo. ax. 6d. 

FOTHERGILL(Dr. J. M.).— Food for the 
Invalid, the Convalescent, the Dyspep- 
tic, and the Gouty. Cr. 8vo. 3*. 6d. 

JEX-BLAKE (Dr. Sophia).— The Care of 
Infants : A Manual for Mothers and 
Nurses. i8mo. is. 

RATHBONE (Wm.).— The History and 
Progress of District Nursing, from its 
Commencement in the Year 1859 to the 
Present Date. Cr. 8vo. aj. 6d. 

RECOLLECTIONS OF A NURSE. By 
E. D. Cr. 8vo. aj. 

STEPHEN (Caroline E.).— The Service of 
THE Poor. Cr. 8vo. 6s, 6d. 

Needlework. 

GLAISTER (Elizabeth).— Needlework. Cr. 
8vo. 2S, td, 

GRANDHOMME. — Cutting Out and 
Dressmaking. From the French of Mdlle. 
E. Grand'homme. iSmo. is. 

DRAMA, The. 

{See under Literature, p. 14.) 

ELEdTRICITY. 

{See under Physics, p. a6.) 

EDUCATION. 
ARNOLD (Matthew). — Higher Schools and 

Universities in Germany. Cr. 8vo. 6s, 
Reports on Elementary Schools, 

i85a-8a. Ed. by Lord Sandford. 8vo. y,6d. 

BLAKISTON Q. R.).— The Teacher: Hints 
ON School Management. Cr. 8vo. af. 6d. 

CALDERWOOD (Prof. H.).— On Teach- 

. ing. 4th Edit. Ext. fcp. 8vo. zs. 6d. 

COMBE (George). — Education : Its Prin- 
ciples AND Practice as Developed by 
George CoMBE. Ed. by W. Jolly. 8vo. 15*. 

CRAIK (Henry).— The State in its Rela- 
tion TO Education. Cr. 8vo. 3^. 6d. 



FEARON (D. R.),— School Inspection 
6th Edit. Cr. 8vo. 2s. 6d. 

FITCH Q. G.). — Notes on Ameri^i* 
Schools and Training Colleges. Re- 
printed by permission. Globe 8vo. a*. 6d. 

GLADSTONE (J. H.).— Spelling Refor*» 
FROM AN Educational Point of View* 
3rd Edit. Cr. 8vo. i*. 6d. 

HERTEL (Dr.).— Overpressure in Hig» 
Schools in Denmark. With Introduction 
bySirJ.'CRiCHTON-BROWNE. Cr.Svo. 3s. 6d^ 

KINGSLEY (Charles).— Health and Edu- 
cation. Cr. 8vo. 6s, 

LUBBOCK (Sir John, Bart.).— Political and* 
Educational Addresses. 8vo. 8j. 6d. 

MAURICE (F. D.).— Learning and Work- 
ing. Cr. 8vo. 4J. 6d. __ 

RECORD OF TECHNICAL AND SE- 
CONDARY EDUCATION. No. I. Cr. 
8vo. Sewed, 2s. net. 

THRING(Rev. Edward).— Education and- 
School, and Edit. Cr. 8vo. 6j. 

TODHUNTER (Isaac).— The Conflict of 
Studies. 8vo. 10s. 6d. 

ENGINEERINa. 

ALEXANDER (T.) and THOMSON (A. W.> 
—Elementary Applied Mechanics. Part 
II. Transverse Stress. Cr. 8vo. 10s. 6d, 

CHALMERS O- B.).— Graphical Deter- 
mination of Forces in Engineering 
Structures. Illustrated. 8vo. a4J. 

COTTERILL (Prof. J. H.).— Applied Me- 
chanics : An Elementary General Introduc- 
tion to the Theory of Structures and Ma- 
chines, and Edit. 8vo. i&r. 

COTTERILL (Prof. J. H.) and SLADE 
(J. H.).— Lessons in Applied Mechanics. 
Fcp. 8vo. 5*. 6d. 

KENNEDY (Prof. A. B. W.).— The Me- 
chanics of Machinery. Cr. 8vo. la^. 6d,. 

PEABODY(Prof. C. H.).— Thermodynamics 
OF THE Steam Engine and other Heat- 
Engines. 8vo. 21s, 

SHANN (G.).— An Elementary Trbatisk 
ON Heat in Relation to Steam and thb 
Steam-Engine. Illustrated. Cr.Svo. \s.6d„ 

WHITHAM (Prof. J. M.).— Steam-Enginb 
Design. For the use of Mechanical En- 
gineers, Students, and Draughtsmen. Illus- 
trated. 8vo. 2SS. 

WOODWARD (C. M.).— A History of thb 
St. Louis Bridge. 4to. a/, a^. net. 

YOUNG (E. W.).— Simple Practical Me- 
thods OF Calculating Strains on Gir- 
ders, Arches, and Trusses. 8vo. 7^. 6iL 

ENGLISH CITIZEN SERIES. 
{See Politics.) 

ENGLISH MEN OF ACTION. 

{See Biography.) 

ENGLISH MEN OF LETTERS. 

{See Biography.) 

ENGLISH STATESMEN, Twelve. 

{See Biography.) 

ENGRAYINQ. (^-^^Art.) 
ESSAYS. {See under Literature, p. 19.) 

ETCHING. {SeehKT.) 
ETHICS. {See under Philosophy, p. 25.) 
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FATHERS, The. 

See under Theology, p. 32.) 

FICTION, Prose. 

{See under Literature, p. 17.) 

GABDENINa. 

{See also Agriculture ; Botany.) 

BLOM FIELD (R.) and THOMAS (F. I.).— 
The Formal Garden in England. Illus- 
trated. £x cr. 8vo. 7^. 6d. net. 

BRIGHT (H. A.).— The English Flower 

Garden. Cr. 8vo. y. 6d. 
A Year in a Lancashire Garden. Cr. 

8vo. 3*. 6d. 

HOBDAY (E.). — Villa Gardening. A 
Handbook for Amateur and Practical Gar- 
deners. Ext. cr. Svo. ts, 

HOPE (Frances J.). — Notes and Thoughts 
ON Gardens and Woodlands. Cr. Svo. 6s. 

GE0GBAPH7. 

* {See also Atlases.) 

BLANFORD (H. F.).— Elementary Geo- 
graphy OP India, Burma, and Ceylon. 
Globe Svo. »*. 6d. 

CLARKE (C. B.). — ^A Geographical Reader 
and Companion TO THE Atlas. Cr.Svo. 2J. 

A Class-Book of Geography. With 18 

Coloured Maps. Fcp. Svo. 3*. ; swd., 2*. 6d. 

DAWSON (G. M.) and SUTHERLAND (A.). 
— Geography of the British Colonies. 

ELDERTON (W. A.).— Maps and Map 
Drawing. Pott Svo. is. 

GEIKIE (Sir Archibald).— The Teaching of 
Geography. A Practical Handbook for the 
use of Teachers. Globe Svo. 2j. 

•^— Geography of the British Isles. 
iSmo. is. 

GREEN (J. R. and A. S.).— A Short Geogra- 
phy of the British Islands. Fcp.Svo. y.6d. 

GROVE (Sir George).— A Primer of Geo- 
GRAPHY. Maps. i8mo. is. 

KIEPERT (H.).— Manual of Ancient 
Geography. Cr. Svo. 5*. 

MILL (H. R.). — Elementary Class-Book 
of General Geography. Cr. Svo. 3?. 6d. 

SIME (Tames). — Geography of Europe. 
With Illustrations. Globe Svo. 3^. 

STR ACHE Y (Lieut. -Gen. R.). — Lectures on 
Geography. Cr. Svo. 4* . 6d. 

TOZER (H. F.).— A Primer of Classical 
Geography. xSmo. is. 

GEOLOGY AND 1CINERAL0G7. 
BLANFORD (W. T.). — Geology and 
Zoology of Abyssinia. Svo. 21s. 

COAL: Its History and Its Uses. By 
Profs. Green, Miall, Thorpe, ROckbk, 
and Marshall. Svo. i2j. 6d. 

DAWSON (Sir J. W.).— The Geology of 
Nova ScoTik, New Brunswick, and 
Prince Edward Island ; or, Acadian Geo- 
logy. 4th Edit. Svo. 2 If. 

GEIKIE (Sir Archibald).— A Primer of Geo- 
logy. Illustrated. xSmo. is. 

Class-Book of Geology. Illustrated. 

Cr. Svo. 4f . 6d. 

Outlines of Field Geology. With 

numerous Illustrations. Gl. Svo. y. 6d. 



GEIKIE (Sir A.).— Geological Sketches- 

AT Home and Abroad. With Illustrations. 

Svo. 10s. 6d. 
Text- Book of Geology. Illustrated.. 

2nd Edit. 7th Thousand. Med. Svo. 2&r.. 
The Scenery of Scotland. Viewed in 

connection with its Physical Geology. 2nd-. 

Edit. Cr. Svo. 12s. 6d. 

HULL(E.). — A Treatise on Ornamental. 
AND Building Stones of Great Britain 
AND Foreign Countries. 8V0. 12s. 

PENNINGTON (Rooke).— Notes on thr. 
Barrows and Bone Caves of Derbyshire. 
Svo. 6s. 

RENDU— WILLS.— The Theory of thb 
Glaciers of Savoy. By M. Le Chanoinb 
Rendu. Trans. byA.WiLLS.Q.C. Svo. 7S.6d,. 

ROSENBUSCH— IDDINGS.— Microscopi- 
cal Physiography of the Rock-Making 
Minerals. By Prof. H. Rosenbusch.. 
Transl. by J. P. Iddings. Illustr. Svo. 24^.. 

WILLIAMS (G. H.).— Elements of Cry- 

STALLOGRAPHY. Cr. SvO. 6l. 

GLOSSARIES. {See Dictionaries.) 

GRAMKAR. {See Philology.) 

HEALTH. {See Hygiene.) 

HEAT. {See under Physics, p. 27.) 

HISTOLOGY. {See Physiology.) 

HISTORY. 

{See also Biography.) 

ANNALS OF OUR TIME. A Diurnal or 
Events, Social and Political, Home and 
Foreign. By Joseph Irving. Svo. — Vol.1. 
June 2oth, 1837, to Feb. 2Sth, 1871, zSf. ;. 
Vol. II. Feb. 24th, 1S71, to June 24th, 1887^ 
zSf. Also Vol. II. in 3 parts: Part 1. Febl 
84th, 1871, to March 19th, 187^, ^r. 6d. ; Part. 
II. March 20th, 1874, to July 2and, 187S,. 
^.6d. \ Part III. July 23rd, 1878, to June- 
24th, 18S7. 9*. Vol. III. Part I. June 25th, 
1887, to Dec. 30th, 1S90. By H. H. Fyfe.- 
V. 6d. 

ARNOLD (T.).— The Second Punic War. 
By Thomas Arnold, D.D. Ed. by W. T. 
Arnold, M.A. With 8 Maps. Cr. Svo. 5*^ 

ARNOLD (W. T.).— A History of the 
Early Roman Empire. Cr.Svo. \Inprep.. 

BEESLY (Mrs.). — Stories from the His- 
tory OF Rome. Fcp. Svo. 2s. 6d. 

BLACKIE (Prof. John Stuart).— What Does- 
History Teach ? Globe Svo. 2s. 6d. 

BRYCE Games, M.P.).— The Holy Romait 
Empire. Sth Edit. Cr. Svo. 7*. 6</. — 
Libraty Edition. Svo. 14^. 

BUCKLEY (Arabella).— History of Eng- 
land for Beginners. Globe Svo. 3^. 

BURKE (Edmund). {See Politics.) 

BURY 0« B.).— A History of the Later;: 
Roman Empire from Arcadius to Irene,. 
A.D. 390 — Soo. 2 vols. Svo. 32J. 

CASSEL (Dr. D.). — Manual of Jewish 
History and Literature. Translated by- 
Mrs. Henry Lucas. Fcp. Svo. 2*. 6d. 

COX (G. v.). — Recollections of Oxford.^ 
2nd Edit. Cr. Svo. 6s. 

ENGLISH STATESMEN, TWELVE.. 
{See Biography.) 
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FISKE (John)-— The Critical Period in 
American History, 1783—89. Ext. or. 
8vo. lor. 6d, 

— - The Beginnings of New England; 
or, The Puritan Theocracy in its Relations to 
Civil and Religious Liberty. Cr. 8vo. 7*. 6d, 

— ~ The American Revolution, a vols. 
Cr. 8vo. i8«. 

FRAMTI (ER>sabhat). — History of th» 
ParsFs, including their Manners, Cus- 
toms, Religion, and Present Position. 
With Illustrations, a vols. Med. 8vo. 36*. 

FREEMAN (Prof. E. A.).— History of the 
Cathedral Church of Wells. Cr. 8vo. 
3s. 6d. 

Old English History. With 3 Coloured 

Maps. 9lh Edit., revised. Ext.fcp.8vo. 61. 

-— Historical Essays. First Series. 4th 
Edit. 8vo. lor. 6d. 

— Second Series. 3rd Edit., with 

Additional Essays. 8vo. xor. 6d. 

'— Third Series. 8vo. 12s. 

The Growth of the English Consti- 
tution FROM THE Earliest Times. 5th 
Edit. Cr. 8vo. 5s. 

•— Comparative Politics. Lectures at the 
Royal Institution. To which is added " The 
Unity of History." 8vo. 14*. 

Subject and Neighbour Lands of 

Venice. Illustrated. Cr. 8vo. lor. 6d. 

English Towns and Districts. A 

Scries of Addresses and Essays. 8vo. 14*. 

^— The Office of the Historical Pro- 
fessor. Cr. 8vo. a*. 

- Disestablishment and Disbndow- 
ment ; What are they? Cr. 8vo. aj. 

Greater Greece and Greater Bri- 
tain : George Washington the Ex- 
pander of England. With an Appendix 
on Imperial Federation. Cr. 8vo. y, td. 

_ The Methods of Historical Study. 

Eight Lectures at Oxford. Bvo. 10*. 6rf. 

The Chief Periods of European His- 
tory. With Essay on " Greek Cities under 
Roman Rule." 8vo. xos. 6d. 

Four Oxford Lectures, 1887; Fifty 

Years of European History ; Teutonic 
Conquest in Gaul and Britain. 8vo. 5*. 

Essays. I. Historical. II. Miscellaneous. 

FRIEDMANN (Paul). (See Biography.) 

GIBBINS (H. de B.).— History of Com- 
merce in Europe. Globe 8vo. 3*. 6d. 

GREEN (John Richard).— A Short History 
OF the English People. New Edit., re- 
vised. 159th Thousand. Cr. 8vo. 8*.6</.— 
Also in Parts, with Analysis. 3* . each. — Part I . 
607—1365; n. 1204— 1553; III. 1540— 1689 ; 
IV. 1660— 1873. — Illustrated EditioUy m 
Parts. Super roy. 8vo. is. each net. — Part 
I. Oct. 1891. 

History of the English People. In 

4 vols. 8vo. i6j. each. 

The Making of England. 8vo. id*. 

The Conquest of England. With 

Maps and Portrait. 8vo. i8j. 

Readings in English History. In 3 

Parts. Fcp. 8vo. ij. td. each. 

GREEN (Alice S.).— The English Town 
in the 15TH Century, a vols. 8vo. 



GUEST (Dr. E.).— ORiGiNEsCELTiCiB. Maps, 
a vols. 8vo. 3aj. 

GUEST (M. J.) — Lectures on the History 
OF England. Cr. 8vo. 6s. 

HISTORY PRIMERS. Edited by John 
Richard Green. i8mo. is. each. 

Europe. By E. A. Freeman, M.A. 
Greece. By C. A. Fyffe, M.A. 
Rome. By Bishop Creighton. 
France. By Charlotte M. Yongk. 

HISTORICAL COURSE FOR SCHOOLS. 
Ed. by Edw. A. Freeman, D.C.L. i8mo. 

General Sketch of European History. 
By E. A. Freeman. Maps. 3^. 6d. 

History of England. By Edith Thomp- 
son. Coloured Maps. a^. 6d. 

History of Scotland. By Margarbt 
Macarthur. af. 

History of Italy. By the Rev. W. Hunt, 
M.A. With Coloured Maps. 3^. ()d. 

History of Germany. By James Simb, 
M.A. 3x. 

History of America. By J. A. Doylb. 
With Maps. 4s. 6d. 

History of European Colonies. By 
E. J. Payne, M.A. Maps. 4*. 6d. 

History of France. By Charlotte M. 
YoNGE. Maps. 3^ . 6d. 

HOLE (Rev. C.).— Genealogical Stemma 
OF THE Kings of England and Francb. 
On a Sheet, is. 

INGRAM (T. Dunbar).— A History of thb 
Legislative Union of Great Britain 
AND Ireland. 8vo. ios. 6d. 

Two Chapters of Irish History: x. 

The Irish Parliament of James II. ; 2. The 
Alleged Violation of the Treaty of Limerick. 
8vo. 6*. 

JEBB (Prof. R. C.).— Modern Greece. Two 
Lectures. Crown 8vo. 5^. 

JENNINGS (A. C.).— Chronological Ta- 
bles OF Ancient History. 8vo. 5^. 

KEARY (Annie). — The Nations Around. 
Cr. 8vo. 4r. 6d. 

KINGSLEY (Charles).— The Roman and 
THE Teuton. Cr. 8vo. y. 6d. 

Historical Lectures and Essays. 

Cr. 8vo. 3J. 6d. 

LABBERTON (R. H.). {See Atlases.) 

LEGGE (Alfred O.).— The Growth of thb 
Temporal Power of the Papacy. Cr. 
8vo. 8f . 6d, 

LETHBRIDGE(Sir Roper).— A Short Man- 
ual of the History of India. Cr. 8vo. 5*. 

The World's History. Cr.8vo,swd. is, 

Easy Introduction to the History 

OF India. Cr. 8vo, sewed, is. 6d. 

History OF England. Cr.8vo,swd. is.6d, 

Easy Introduction to the History 

AND Geography of Bengal. Cr.Svo. is.6d, 

LYTE (H. C. Maxwell).— A History of Eton 
College, 1440 — 1884. Illustrated. Bvo. ais. 

A History of the University of 

Oxford, from the Earliest Times to 
THB Year 1530. 8vo. x6s. 
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MAHAFFY (Prof. T. P.). — Social Life 
IN Greece, prom Homer to Menandbr. 
6th Edit. Cr. 8vo. 9^. 

Greek Life and Thought, from the 

Age of Alexander to the Roman Con- 
quest. Cr. 8vo. i2s. 6d. 

The Greek World under Roman 

Sway, from Polybius to Plutarch. Cr. 
8vo. 10s. 6d. 

MARRIOTT y. A. R.). (JSte Select Bio- 
graphy, p. 5.) 

MICHELET(M.).— A Summary of Modern 
History. Translated by M. C. M. Simp- 
son. Globe Svo. 4J. 6d. 

MULLINGERQ* B.).— Cambridge Charac- 
teristics IN THE Seventeenth Century. 
Cr. Svo. 4^. 6d. 

NORGATE (Kate). — England under the 
Angevin Kings. In 2 vols. Svo. 32X. 

OLTPHANT(Mrs. M. O. W.).— The Makers 
of Florence: Dante, Giotto, Savona- 
rola, and their City. Illustr. Cr. Svo. 
Tos. 6d. — Edition de Luxe. Svo. 21X. net. 

The Makers of Venice : Doges, Con- 
querors, Painters, and Men of Letters. 
Illustrated. Cr. Svo. lof . 6^. 

Royal Edinburgh : Her Saints, 

Kings, Prophets, and Poets. Illustrated 
by G. Rbid, R.S.A. Cr. Svo. \os. td. 

Jerusalem. Illustrated. Svo. 21*. 

0TT6 (E. C). — Scandinavian History. 
With Maps. Globe Svo. 6f. 

PALGRAVE (Sir Francis). — History of 
Normandy and of England. 4 vols. 
Svo. 4/. \s. 

PARKMAN (Francis]|. — Montcalm and 
Wolfe. Library Edition. Illustrated with 
Portraits and Maps. 2 vols. Svo. i2J.6^. each. 

The Collected Works of Francis 

Parkman. Popular Edition. In 10 vols. 
Cr. Svo. 7X. 6</. each ; or complete, -ii.iy.Sd. 
— Pioneers of France in the New World, 
I vol. ; The Jesuits in North America, 
z vol. ; La Salle and the Discovery of 
the Great West, i vol. ; The Oregon 
Trail, i vol. , The Old Regime in Canada 
under Louis XIV., i vol. ; Count Fron- 
TENAC and New France under Louis 
XIV., I vol. ; Montcalm and Wolfe, 2 
vols. ; The Conspiracy of Pontiac, 2 vols. 

POOLE (Reginald Lane).— A History of 
the Huguenots of the Dispersion at 
the Recall of the Edict of Nantes. 
Cr. Svo. ts. 

ROGERS (ProfJ . E. Thorold).— Historical 
Gleanings. Ct. Svo. — ist Series. 4; . 6d. — 
and Series, ts. 

, SAYCE (Prof. A. H.).— The Ancient Em- 
pires OF the East. Cr. Svo. 6x. 

SEELEY (Prof. J. R.). — Lectures and 

Essays. Svo. lOf. 6d. 
The Expansion of England. Two 

(Curses of Lectures. Cr. Svo. 4; . 6d. 
Our Colonial Expansion. Extracts 

from the above. Cr. Svo. is. 

SEWELL (E. M.) and YONGE (C. M.).— 
European History, narrated in a 
Series of Historical Selections from 
the best Authorities, a vols. 3rd Edit. 
Cr. Svo. 6f . each. 



SHUCKBURGH (E. S.).— a School His- 
tory OF Rome. Cr. Svo. [In^re^ratioM, 

STEPHEN (Sir J. Fitzjames, Bart.).— Thb 
Story of Nuncomar and the Impeach- 
ment OF Sir Elijah Impey. a vols. Cr. 
Svo. 15^. 

TAIT (C. W. A.).— Analysis of English 
History, based on Green's " Short His- 
tory OF the English People." Cr. Svo. 
4f . 6d. 

TOUT (T. F.).— Analysis of English His- 
tory. iSmo. IS. 

TREVELYAN (Sir Geo. Otto).— Cawnporb. 
Cr. Svo. ts. 

WHEELER (J. Talboys).— Primer of In- 
dian History, Asiatic and European. 
zSmo. i«. 

College History of India, Asiatic 

AND European. Cr. Svo. 3; . ; swd. zs. 6d, 

A Short History of India. With Maps. 

Cr. Svo. 12s. 

India UNDER British Rule. Svo. i2s.6d. 

WOOD (Rev. E. G.).— The Regal Power 
of the Church. Svo. 4^. 6d. 

YONGE (Charlotte). — Cameos from English 
History. Ext. fcp. Svo. ss. each. — Vol. i. 
From Rollo to Edward II. ; Vol. 2. The 
Wars in France; Vol. 3. The Wars or 
the Roses ; Vol. 4. Reformation Times ; 
Vol. 5. England and Spain ; Vol. 6. Forty 
Years of Stewart Rule (1603 — 43) ; Vol. 7. 
The Rebellion and Restoration (1642 — 
1678). 

The Victorian Half-Century. Cr. 

Svo. IS. 6d. ; sewed, is. 

The Story of the Christians and 

Moors in Spain. iSmo. ^r . 6d. 

HORTICULTTTRB. (Stt Gardening.) 

HTaiENB. 

BERNERS (J.)— First Lessons on Health. 
iSmo. IS. 

BLYTH (A. Wynter).— A Manual op Pubuc 
Health. Svo. 17X. net. 

BROWNE G. H. Balfour).— Water Supply. 
Cr. Svo. 2S. 6d. 

CORFIELD(Dr. W. H.).— The Treatment 
and Utilisation of Sewage. 3rd Edit. 
Revised by the Author, and by Louis C. 
Parkes, M.D. Svo. i6s. 

GOODFELLOWG.).— The Dietetic Valub 
OF Bread. Cr. Svo. 

KINGSLEY (Charles).— Sanitary and So- 
cial Lectures. Cr. Svo. 3;. 6d. 

Health and Education. Cr. Svo, 6». 

REYNOLDS (Prof. Osborne).— Sewer Gas, 

AND How TO keep IT OUT OF HoUSES. yA 

Edit. Cr. Svo. js. 6d. 

RICHARDSON (Dr. B. W.).— Hygeia; A 
City of Health. Cr. Svo. is. 

The Future of Sanitary Science. 

Cr. Svo. IS. 

On Alcohol. Cr. Svo. i*. 

HTMNOL007. 
iSee ufuUr Theology, p. 33.) 
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XLLUSTRATED BOOKS. 

BALCH (Eliubeth). — Glimpses op Old 
English Homes. G1. 410. 24^. 

BLAKE. {St* Biography.) 

BOUGHTON (G. HJ and ABBEY (E. A.). 
(See Voyages and Travels.) 

CHRISTMAS CAROL (A). Printed in 
Colours, with Illuminated Borders. 410. 2xx. 

DAYS WITH SIR ROGER DE COVER- 
LEY. From the Spectator. Illustrated by 
Hugh Thomson. Fcp. 4to. 6s. 

DELL (E. C). — Pictures from Shelley. 
Engraved by J. D. Cooper. Folio, ais. net. 

ENGLISH ILLUSTRATED MAGAZINE, 
THE. (^«« Periodicals.) 

— Proof Impressions of Engravings originally 
published in The English Illustrated MagO' 
Mine. 1884. In Portfolio 4to. 2i«. 

GASKELL (Mrs.).— Cranford. Illustrated 
bv Hugh Thomson. Cr. Svo. 6j. — Also 
with uncut edges paper label. 6s. 
Edition de Luxe. 30s. net. 

GOLDSMITH (Oliver). — The Vicar of 
Wakefield. New Edition, with 182 Illus- 
trations by Hugh Thomson. Preface bv 
Austin Dobson. Cr. Svo. 6s. — Also with 
Uncut Edges, paper label. 6s. 

GREEN (John Richard). — Illustrated 
Edition of the Short History of the 
English People. In Parts. Super roy. 
Svo. ts. each net. Part I. Oct. 1891. 

GRIMM. (See Books for the Young.) 

HALLWARD (R. F.).— Flowers of Para- 
dise. Music, Verse, Design, Illustration. 6s 

IRVING (Washington).— Old Christmas. 
From the Sketch Book. Illustr. by Randolph 
Caldecott. Gilt edges. Cr. Svo. 6s. — Also 
with uncut edges, paper label. 6s. 

Bracebridge Hall. Illustr. by Ran- 
dolph Caldecott. Gilt edges. Cr. Svo. 
6s. — Also with uncut edges, paper label. 6s. 

Old Christmas and Bracebridge 

Hall. Edition de Luxe. Roy. Svo. 21X. 

KINGSLEY (Charies).— The Water Babies. 
(See Books for the Young.) 

The Heroes. (See Books for the Young.) 

Glaucus. (See Natural History.) 

— Song of the River. 31J. 6d. 

LANG (Andrew).— The Library. With a 
Chapter on Modern Illustrated Books, by 
Austin Dobson. Cr. Svo. 3s. 6d. 

LYTE (H. C. Maxwell). {See History.) 

MAHAFFY (Rev. Prof. J. P.) and ROGERS 
(J. E.). (See Voyages and Travels.) 

MEREDITH (L. A.).— Bush Friends in 
Tasmania. Native Flowers, Fruits, and 
Insects, with Prose and Verse Descriptions. 
Folio. $2S. 6d. net. 

OLD SONGS. With Drawings by E. A. 
Abbey and A. Parsons. 4to,mor.gilt. 3is.6d. 

PROPERT G. L.). (See Art.) 

STUART, RELICS OF THE ROYAL 
HOUSE OF. Illustrated by 40 Plates in 
Colours drawn from Relics of the Stuarts by 
William Gibb. With an Introduction by 
John Skelton, C.B., LL.D., and Descrip- 
tive Notes by W. St. John Hope. Folio, 
half morocco, gilt edges. 7/. js, net. 



TENNYSON (Hon. Hallam).— Jack and- 
the Bban-Stalk. English Hexameters^ 
Illustrated by R. Caldecott. Fcp.4to. 3s.6d.. 

TRISTRAM (W. O.).— Coaching Days ani> 
Coaching Ways. Illustrated by Her- 
bert Railton and Hugh Thomson. Ext» 
cr. 4to. 3». 6d. 

TURNER'S LIBER STUDIORUM : A 
Description and a Catalogue. By W. G. 
Rawlinson. Med. Svo. las. 6d. 

WALTON and COTTON— LOWELL.— Thk; 
Complete Angler. With Introduction by 
Jas. Russell Lowell. 2 vols. Kxt. cr. Svo- 
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for the County of Gloucester, a.d. 1221- 
Svo. 7*. 6d. 

Justice and Police. Cr. Svo. 3*. 6d, 

MONAHAN (James H.).— The Method ow 
Law. Cr. Svo. 6s. 

PATERSON (James). — Commentaries onr 
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LL.M. 8vo. I2X. 6d. 
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I^EWIS (Richard). — History op the Life- 
Boat and its Work. Cr. Svo. 5*. 

LIGHT. (JSee under Physics, p. 27.) 

UTBRATUBK 

Jlistory and Criticism of—Commentaries^ 
etc. — Poetry and the Drama — Poetical Col- 
lections and Selections— Prose Fiction — Col- 
Ucted Works, Essays^ Lectures, Letters, 
Miscellaneous Works. 

History and CrlUcism of. 
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A Shakbspearb Manual. By Rev. F. G. 
Flbay. Ext fop. Svo. 4f. 6d 
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Vol. 2. Savonarola, etc. 
Vol. 3. Prince Lucifer. 
Vol. 4. The Human Tragedy. 
Vol. 5. Lyrical Poems. 
Vol. 6. Narrative Poems. 

Soliloquies in Song. Cr. 8vo. 6*. 
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Poems. Globe Bvo. 6s. 
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COLQUHOUN.— Rhymes and Chimes. By 
F. S. CoLQUHOUN (n/s F. S. Fuller Mait- 
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EVANS (Sebastian). — Brother Fabian's 
Manuscript : and other Poems. Fcp. Bvo. 6s^ 
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GARNETT (R.).— Idylls and Epigrams. 
Chiefly from the Greek Anthology. Fcp. 
Bvo. 2f . 6d. 
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HERRICK. {See Golden Treasury Se- 
ries, p. 20.) 
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TENNYSON (Hon. Hallam). (See Illus- 
tratbd Books.) 

TRUMAN (J08.). — ^After-thoughts: Poems. 
Cr. 8vo. 3s. 6d. ' 

TURNER (Charles Tennyson).— Collected 
Sonnets, Old AND New. Elxt.fcp.8vo. -js.Sd^ 

TYRWHITT (R. St. John).— Free Field. 
Lyrics, chiefly Descriptive. Gl. 8vo. 3^. SeL 

Battle and After, concerning Ser- 
geant Thomas Atkins, Grenadier 
Guards : and other Verses. Gl. 8vo. 3x.6</. 

WARD (Samuel). — Lyrical Recreations. 
Fcp. 8vo. dr. 

WHITTIER.— Complete Poetical Works 
OF John Greenleaf Whittier. With 
Portrait. i8mo. 4^. 6d. {See also Ck>L- 
LECTBD Works.) 

WILLS (W. G.).— Melchior. Cr. 8vo. 9*. 

WOOD (Andrew Goidie). — The Isles of the 
Blest : and other Poems. Globe 8vo. 5^^. 

WOOLNER (Thomas). — My Beautiful 
Lady. 3rd Edit. Fcp. 8vo. 5«. 

Pygmalion. Cr. 8vo. 7*. 6d. 

SiLENUS. Cr. 8vo. 61. 

WORDSWORTH. —Complete Poetical 
Works. Copyright Edition. With an Intro- 
duction by John Morley, and Portrait. 
Cr. 8vo. 75. 6d. 

The Recluse. Fcp. 8vo. zs. 6d. — Lai:ge 

Paper Eldition. 8vo. zor. 6d. 

{See also Golden Treasury Series, p. 20.) 
Poetical CfOllecUons and Selections. 

{See also Golden Treasury Series, p. 30 ; 
Books for the Young, p. 38.) 

HALES (Prof. J. W.).— Longer English 
Poems. With Notes, Philological and Ex- 
planatory, and an Introduction on the Teach- 
ing of English. Ext. fcp. 8vo. 4; . 6d. 

MACDONALD (George).— England's An- 
tiphon. Cr. 8vo. 4s. 6d. 

MARTIN (F.). {See Books for the Young, 
p. 38.) 

MASSON (R. O. and D.).— Three Centuries 
OF English Poetry. Being Selections from 
Chaucer to Herrick. Globe 8vo. 3^. 6d. 

PALGRAVE (Prof. F. T.).— The Golden 
Treasury of the best Songs and Lyrical 
Poems in the English Language. Latge 
Type. Cr. 8vo. xor. 6d. {See also Golden 
Treasury Series, p. 20 ; Books for the 
Young, p. 38.) 

WARD (T. H.).— English Poets. Selections, 
with Critical Introductions by various Writers, 
and a General Introduction by Matthew 
Arnold. Edited by T. H. Ward, M.A. 
4 vols, and Edit. Cr. 8vo. ys. 6d. each. — 
Vol. I. Chaucer to Donne ; II. Ben Jon- 
son TO Dryden ; III. Addison to Blake ; 
IV, Wordsworth to Rossetti. 
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WOODS (M. A.).— A First Poetry Book. 

Fcp. 8vo. 2S. id. 
A Second Poetry Book, a Parts. Fcp. 

8vo. 2J. td. each. — Complete, 4^. 6d. 

AThird Poetry Book. Fcp.Svo. ^.6d. 

WORDS FROM THE POETS.^ Witha Vig- 
nette and Frontispiece. 12th Edit. z8mo. is. 

Prose Fiction. 

BIKELAS (D.).— LouKis Laras; or, The 
Reminiscences of a Chiote Merchant during 
the Greek War of Independence. Translated 
by J. Gennadius. Cr. 8vo. js. 6d. 

BJORNSON (B.).— SYNNdvg Solbakken. 
Translated by Julie Sutter. Cr. Svo. 61. 

BOLD RE WOOD (Rolf).— [/ni/orm Edition, 
Cr. Bvo. 3^. td. each. 

Robbery Under Arms : A Story of Life and 
Adventure in the Bush and in the Goldfields 
of Australia. 

The Miner's Right. 

The Squatter's Dream. 

A Sydney-Side Saxon. 

A Colonial Reformer. 

•—— Nevermore. 3 vols. Cr. 8vo. 31*. Sd, 

BURNETT (Frances Hodgson).-HA worth's. 
Globe 8vo. ar. 

Louisiana, and That Lass o* Lowrie's. 

Illustrated. Cr. 8vo. 3J. td. 

CARMARTHEN (Marchioness of). ~ A 
Lover of the Beautiful. Cr. Svo. 6*. 

CONWAY (Hugh). — A Family Affair. 
Cr. 8vo. 3*. td. 

Living or Dead. Cr. 8vo. v« (>d. 

CORBETTGulianV— The Fall of Asgard: 
A Tale of St. Olaf s Day. a vols. GL 8vo. 12s. 
For (5od and Gold. Cr. Svo. 6*. 

Kophetua the Thirteenth. 3 vols. 

Globe Svo. I2X. 

CRAIK {Urs.),—Um/orm Edition. Cr. Svo. 
3^. td, each. 

Olive. 

The Ogilvies. Also Globe Svo, is, 

Agatha's Husband. Also (^lobe Svo, ax. 

The Head of the Family. 

Two Marriages. Also Globe Svo, ax. 

The Laurel Bush. 

My Mother and I. 

Miss Tommy: A Mediaeval Romance. 

King Arthur : Not a Love Story. 

CRAWFORD(F.Marion).-:^iH/!w7M£^</i;M. 
Cr. Svo. 3X. td. each. 

Mr. Isaacs : A Tale of Modem India. 

Dr. Claudius. 

A Roman Singer. 

Zoroaster. 

A Tale of a Lonely Parish. 

Marzio*s Crucifix. 

Paul Patoff. 

With the Immortals. 

Greifbnstein. 

Sant' Ilario. 

A Cigarette Maker's Romance. 

Khaled : A Tale of Arabia, a vols. xax. 



— The Witch of Prague. 
Svo. 31X. 6^ 



3 vols. Or. 



CUNNINGHAM (Sir H. S.).— The Ccero- 
LEANS : A Vacation Idyll. Cr. Svo. 3X. td. 

The Heriots. Cr. Svo. 3X. dd. 

Wheat and Tares. O. Svo. 3x. td. 

DAGONET THE JESTER. Cr. Svo. ^s.td. 

DAHN (Felbc).— Felicitas. Translated by 
M. A. C. E. Cr. Svo. 4X. td. 

a 

DAY (Rev. IaI Behari). — Bengal Peasant 
Life. Cr. Svo. 6s. 

Folk Tales OF Bengal. Cr. Svo. 4s.6d. 

DEFOE (D.). (See Globe Library, p. ao : 
Golden Treasury Series, p. 30.) 

DEMOCRACY : An American Noveu Cr. 
Svo. 4X. 6d. 

DICKENS (Charles). — The Posthumous 
Papers of the Pickwick Club. With 
Notes and Illustrations. Edit, by Charles 
Dickens the younger. 2 vols. Ext.cr.Svo. 21X. 

DILLWYN (E. A.).— JiLU Cr. Svo. 6s. 
Jill and Jack, a vols. Globe Svo. xax. 

DUNSMUIR (Amy).— Vida: Study of a 
Girl. 3rd Edit. Cr. Svo. 6f. 

EBERS (Dr. George).— The Burgomaster's 
Wife. Transl. by C. Bell. Cr. Svo. 4s. 6d. 

Only a Word. Translated by Clara 

Bell. Cr. Svo. 4X. 6d. 

" ESTELLE RUSSELL " (The Author oQ.— 
Harmon I A. 3 vols. Cr. Svo. 31X. 6d. 

FALCONER (Lanoe). — Cecilia de Noel. 
Cr. Svo. 3X. 6d. 

FLEMING ((Jcorgc).— A Nile Novel. G1. 
Svo. ax. 

Mirage : A Novel. Globe Svo. ax. 

The Head of Medusa. Globe Svo. ax. 

Vestigia. Globe Svo. ax. 

FRATERNITY: A Romance, a vols. Cr. 
Svo. a IX. 

"FRIENDS IN COUNCIL" (The Author 
oO* — Realmah. Cr. Svo. 6x. 

GRAHAM Oohn W.).— Ne.era : A Talc of 
Ancient Rome. Cr. Svo. 6x. 

HARBOUR BAR, THE. Cr. Svo. dx. 

HARDY (Arthur Sherburne).— But yet a 
Woman : A Novel. Cr. Svo. 4X. 6d. 

The WiNDOF Destiny, avols. G1.8vo. lar. 

HARDY (Thomas). — The Woodlanders. 
Cr. Svo. 3X. 6d. 

Wessex Tales : Strange, Lively, and 

Commonplace. Cr. Svo. 3X. 6d. 

ARTE (Bret).— Cressy. Cr. Svo. 3X. 6d. 

The Heritage of Dedlow Marsh 

and other Tales. Cr. Svo. 3X. 6d, 

" HOGAN, M.P." (The Author 0O.—H0GAN, 
M.P. Globe Svo. ax. 

The Honourable Miss Ferrard. G1. 

Svo. ax. 

•~— Flitters, Tatters, and the Coun- 
sellor, ETC Globe Svo. ax. 

•^— Christy Carbw. Globe Svo. sx. 

— ~ Ismav's Children. Globe Svo. ax. 
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UTBEATUBB. 

ftOM TiOtiOnr-c^ntintttti, 

HOPPUS (Mary).— A Great Trbason : A 
Storv of the War of Independence. 2 vols. 
Cr. 8vo. 9r. 

HUGHES (Thomas).— Tom Bkown's School 
Days. By An Old Bov. — Golden Treasury 
Edition, u. 6d, — Uniform Edition. 31. 6«. 
—People's edition, af. — People's Sixpenny 
Edition. Illustr. Med. 4to. 6d, — Uniform 
with Sixpenny Kingsley. Med. 8to. €d, 

'— Tom Brown at Oxford. Cr. Sva ^,6d, 

—— Thb Scouring or ths Whitb Horsb, 
and Thb Ashbn Faggot. Cr. 8vo. y. 6a, 

IRVING (Washington). iSt€ Illustratbd 
Books, p. la.) 

JACKSON (Helen).— Ramoma. G1. 8vo. ax. 

JAMES (Henry).— The Europeans : A Novel. 
Cr. Svo. 6s. ; i8mo, 2s. 

— Daist Miller : and other Stories. Cr. 
8vo. 6f . : Globe Svo, 9S, 

— The American. Cr. Svo. &r. — i8mo. 
a vols. 4s. 

— Roderick Hudson. Cr. Svo. 6s, ; GL 
Svo, 2S. ; i8mo, 2 vols. 4s. 

The Madonna op the Future: and 

other Tales. Cr. Svo. 6s. ; Globe Svo, as. 

— - Washington Square, the Pension 
Bbaurepas. Globe Svo. ax. 

•^— The Portrait of a Lady. Cr. 8vo. 
6x. ; i8mo, 3 vols. 6s. 

-t — Stories Revived. In Two Series. 
Cr. Svo. 6x. each. 

The Boston ians. Cr. Svo. fix. 

•'^— Novels and Tales. Pocket Edition. 
xSmo. ax. each volume. 

Confidence, i vol. 

The Siege of London; Madame db 
Mauves. z vol. 

An International Episode ; The Pen- 
sion Beaurepas ; The Point of View. 
I vol. 

Daisy Miller, a Study; Four Meet- 
ings; Longstaff's Marriage; Bbn- 
voLio. I vol. 

The Madonna of the Future; A 

Bundle of Letters ; The Diary of 

A Man of Fifty ; Eugene Pickering. 

I vol. 

•^— Tales of Three Cities. Cr.Svo. 4s. 6d. 

— ^ The Princess Casamassima. Cr. Svo. 
fix. ; Globe Svo, ax. 

— The Reverberator. Cr. Svo. fix. 

— The Aspern Papers ; Louisa Pallant ; 
The Modern Warning. Cr. Svo. 3X. 6d. 

— — A London Life. Cr. Svo. 3X. 6d. 

— The Tragic Muse. Cr. Svo. 3X. 6d, 

KEARY (Annie).— Janet's Home. Cr. Svo. 

3x. 6d. 
—— Clemency Franklyn. Globe Svo. ax. 
— — Oldbury. Cp. Svo. 3X. 6ii. 

— - A York and a Lancaster Rose. Cr. 
Svo. 3x. 6d. 

Castle Daly. Cr. Svo. 3X. fi</. 

A Doubting Heart. Cr. Svo. 3X. 6^. 



KINGSLEY (Charles).— ^orrxil^ Editum. 
13 vob. Globe Svo. fs. each.— Westward 
Ho ! a vols. — Two Years .Ago. a vols. — 
Hypatia. a vols. — Yeast, i vol. — ^Altok 
Locke, a vols.— Hbrbwaro thb Wakb. 
a vols. 

— Compete Edition, Cr. Svo. 3X. 6d. each. 

— Westward Ho! With a Portrait. — 
Hypatia. — Yeast. — ^Alton Locke. — Two 
Years Ago. — Hbrbward the Wake. 

— — Sixpenny Edition, Med. Svo. 6d„ 
each. — Westward Ho ! — Hypatia. — 
Yeast.— Alton Locke. — ^Two Years Ago. 

— Herbward the Wake. 

KIPLING (Rudyard).— Plain Talbs prom 
the Hills. Cr. Svo. fix. 

— — The Light that Failed. O. Svo. fix. 

Life's Handicap : Being Stories of mine 

own People. Cr. Svo. fix. 

LAFARGUE (Philip).— The New Judgment 
OF Paris, a vols. Globe Svo. zax. 

LEE (Margaret). — Faithful and Unfaith- 
ful. Cr. Svo. 3X. fi</. 

LEVY (A.).— Reuben Sachs. Cr.Svo. -yJbd, 

LITTLE PILGRIM IN THE UNSEEN, A. 
a4th ThcMisand. Cr. Svo. ax. 6d. 

"LITTLE PILGRIM IN THE UNSEEN^ 
A" (Author of). — The Land of Darkness. 
Cr. Svo. 5x. 

LYTTON (Earl of ).— The Ring of Amasis : 
A Romance. Cr. Svo. v <^* 

McLENNAN (Malcolm).— Mucklb Jock; 
and other Tales of Peasant Life in the North. 
Cr. Svo. 3X. 6d. 

MACQUOID (K. S.).— Patty. G1. Svo. ax. 

MADOC (Fayr).— The Story of Melicent. 
Cr. Svo. 4x. 6d. 

MALET (Lucas).— Mrs. Lorimer : A Sketch 
in Black and White. Cr. Svo. 3X. 6d. 

MALORY (Sir Thos.). (JSee Globe Library, 
p. ao.) 

MINTO (W.).— The Mediation of Ralph 
Hardelot. 3 vols. Cr. Svo. 31X. 6d. 

MITFORD (A. B.).— Tales of Old Japan. 
With Illustrations. Cr. Svo. 3X. 6d, 

MIZ maze (THE); or. The Winkworth 
Puzzle. A Story in Letters by Nine 
Authors. Cr. Svo. 4X. 6d. 

MURRAY (D. Christie). — Aunt Rachel. 
Cr. Svo. 3X. 6d. 

— — Schwartz. Cr. Svo. 3X. 6d, 

The Weaker Vessel. Cr. Svo. 3X. 6</. 

John Vale's Guardian. Cr.Svo. y,6d. 

MURRAY (D. Christie) and HERMAN (H.). 
— He Fell among Thieves. Cr.Svo. 3x.fi</. 

NEW ANTIGONE, THE: A Romance. 
Cr. Svo. fix. 

NOEL (Lady Augusta).— Hithersea Mbrb. 
3 vols. Cr. Svo. 3 IX. 6d. 

NORRIS (W. E.).— My Friend Jim. Globe 
Svo. ax. 

Chris. Globe Svo. ax. 

NORTON (Hon. Mrs.).— Old Sir Doug- 
las. Cr. Svo. fix. 
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OLIPHANT (Mrs. M. O. W.).— A Son of 

THB Soil. Globe 8vo. m. 
—— The Curate in Charge. Globe 8vo. as. 

Young MusGRAVE. Globe 8vo. a*. 

He that will not when He may. 

Globe Bvo. as. 
— — Sir Tom. Globe 8vo. as. 

Hester. Cr. 8vo. 3*. 6d. 

Ihe Wizard's Son. Globe 8vo. as. 

The Country Gentleman and mis 

Family. Globe 8vo. as. 

—— The Sbconc Son. Globe 8vo. as. 

- Neighbours on the Grbbn. Cr. 8vo. 
y.6ii. 

Joyce. Cr. 8vo. 3*. 6d. 

— — A Beleaguered City. Cr. 8vo. 3*. 6d, 

KiRSTEBN. Cr. 8vo. 3», 6<£ 

The Railway Man and his Children. 

3 vols. Cr. 8vo. 31X. 6d. 

PALMER (Lady Sophia).— Mrs. Penicott's 
Lodger : and other Stories. Cr. 8vo. as. 6d. 

PATER (Walter).— Marius the Epicurean : 
His Sensations and Ideas. 3rd Edit, a 
vols. 8vo. las. 

ROSS (Percy).— A Misguidit Lassie. Cr. 
8vo. 4s. 6a. 

RUSSELL CW. Clark).— Marooned. Cr. 
8vo. js. 6a. 

ST. JOHNSTON (A.). — A South Sea 
Lover : A Romance. Cr. 8vo. 6s, 

SHORTHOUSE (J. Henry).— C/m/orm Edi- 
tion. Cr. 8vo. 3X. 6d. each. 
John Ingles ant : A Romance. 
Sir Percival : A Story of the Past and of 

the Present. 
The Little Schoolmastbr Mark: A 

Spiritual Romance. 
The Countess Eve. 
A Teacher of the Violin : and other Tales. 

Blanche, Lady Falaisb. Cr. 8vo. 6*. 

SLIP IN THE FENS, A. Globe 8vo. as. 

TIM. Cr. 8vo. 6s. 

TOURGfeNIEF.— Virgin Soil. Translated 
by AsHTON W. Dilke. Cr. 8vo. 6s. 

VELEY (Margaret).— A Garden of Memo- 
ries ; Mrs. Austin ; Lizzie's Bargain. 
Three Stories, a vols. Globe 8vo. xas. 

VOICES CRYING IN THE WILDER- 
NESS : A Novel. Cr. 8vo. ^s. 6d. 

WARD(Mrs. T.Humphry).— Miss Brether- 
TON. Cr. 8vo. 3X. 6d. 

WORTHEY (Mrs.).— The New Continent : 
A Novel. 3 vols. Globe 8vo. xas. 

YONGE (Charlotte U.^—Umfarm EdUi4m. 
Cr. 8vo. 3r. 6d. each. 
The Heir of Redclyffb. 
Heartsease. 
Hopes and Fears. 
Dynevor Terrace. 
The Daisy Chain. 
The Trial: More Links of the Daisy 

Chain. 
Pillars of the House. Vol. I. 
Pillars of the House. Vol. II. 
Thb Young Stepmother. 
Clever Woman of the Family. 
The Three Brides. 
My Young Alcides. 
The Caged Lion. 



YONGE (Charlotte U.).— Uniform Edition. 

Cr. 8vo. 3X. 6d. each. 

The Dove in the Eagle's Nest. 

The Chaplet of Pearls. 

Lady Hester, and The Danvers Papers. 

Magnum Bonum. 

Love and Lifb. 

Unknown to History. 

Stray Pearls. 

The Armourer's Prentices. 

The Two Sides of the Shield. 

Nuttie's Father. 

Scenes and Characters. 

Chantry House. 

A Modern Telbmachus. 

Bye Words. 

Bebchcroft at Rockstonb. 

More Bywords. 

A Reputed Changeling ; or, Three Seventh 
-Years Two Centuries Ago. 

The Little Dukb,Richard thb Fbaklbss. 

The Lances op Lynwood. 

The Prince and the Page. 

P's AND Q's : Little Lucy's Wondbrful 
Globe. 

The Two Penniless Princesses : A Story 
of the Time of James I. of Scotland. 
That Stick, a vols. Cr. 8vo. xas. 

Ck>IleGted Works ; EsBayB ; Lecttures ; 
Letters ; Miscellaneous Works. 

AN AUTHOR'S LOVE. Being the Unpub- 
lished Letters of Prosper MIIrim^b's 
" Inconnue." a vols. Ext. cr. 8vo. las. 

ARNOLD (Matthew).— Essays in Criticism. 

6th Edit. Cr. 8vo. 9J. 
Essays in Criticism. Second Series. 

Cr. 8vo. 7*. 6d. 
Discourses in America. Cr. 8vo. 4^. 6d. 

BACON. With Introduction and Notes, by 
F. G. Selby, M.A. G1. 8vo. 3*. ; swd. as.6a. 
{See also Golden Treasury Series, p. aa) 

BLACKIE (John Stuart).— Lay Sermons. 
Cr. 8vo. 6s. 

BRIDGES (John A.).— Idylls of a Lost 
Village. Cr. 8vo. rs. 6d. 

BRIMLEY (George).— Essays. Globe 8vo. sr 

BUN YAN (John).— The Pilgrim's Progress 
from this World to that which is to 
Come. zSroo. as. 6d. net. 

BUTCHER (Prof. S. H.)— Some Aspects of 
THE Gre>&k Genius. Cr. 8vo. js. 6d. net 

CARLYLE (Thomas). {See Biography.) 

CHURCH (Dean). — Miscellaneous Wri- 
tings.. Collected Edition. 5 vols. Globe 
8vo. 5^. each. — Vol. I. Miscellaneous 
Essays. — II. Dante : and other Essays. 
— III. St. Anselm.— IV. Spenser. — V. 
Bacon. 

CLIFFORD (Prof. W. K.). Lectures and 
Essays. Edited by Leslie Stephen and 
Sir F. Pollock. Cr. 8vo. 8*. 6d. 

CLOUGH (A. H.).— Prose Remains. With 
a Selection from his Letters, and a Memoir 
by His Wife. Cr. 8vo. 7*. 6d. 

COLLINS (J. Churton).— The Study of 
English Literature. Cr. 8vo. ^. 6d, 

CRAIK (Mrs.). — Concerning Men: and 

other Papers. Cr. 8vo. 4«. 6d. 
About Money : and other Things. Cr 

8vo. 6s. 
Sermons out OF Church. Cr.8vo. 3^ ' 
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UTBBATUBB. 

OoUeot«d Works; Easayi: LeoturM; 
Letters; Mlscellaneoos IfotkM—conttL 

DE VERE (Aubrey).— Essays Chibplv on 
PoBTRV. a vols. Globe 8vo. z». 

Essays, Chiefly Literary and Ethi- 
cal. Globe 8vo. 6s. 

DRYDEN, Essays of. Edited by Prof. 
C. D. YoNGE. Fcp. 8vo. as. td. (JSee also 
Globe Library, p. ao.) 

DUFF (Rt. Hon. Sir M. E. Grant).— Miscel- 
lanies, Political and Literary. 8vo. 
lor. td. 

EMERSON(Ralph Waldo).— The Collected 
Works. 6 vols. Globe 8vo. sj. each. — 
I. Miscellanies. With an Introductory 
Essay by John Morley. — IL Essays. — 
in. Poems. — IV. English Traits; Re- 
presentative Men. — V. Conductor Life ; 
Society and Solitude. — VI. Letters; 
Social Aims, etc. 

FITZGERALD (Edward): Letters and 
Literary Remains of. Ed. by W. Alois 
Wright, M.A. 3 vols. Cr. 8vo. 31*. 6d, 

GLOBE LIBRARY. Gl. 8vo. 3*. 6</. each : 
Burns. — Complete Poetical Works and 
Letters. Edited, with Life and Glossarial 
Index, by Alexander Smith. 

CowpER. — Poetical Works. Edited by 

the Rev. W. Benham, B.D. 
Defoe. — ^The Adventures of Robinson 

Crusoe. With Introduction by Henry 

Kingsley. 
Dryden.— Poetical Works. A Revised 

Text and Notes. By W. D. Christie, M. A. 
Goldsmith. — Miscellaneous Works. 

Edited by Prof. Masson. 
Horace.— Works. Rendered into English 

Prose by James Lonsdale and S. Lee. 
Malory.— Le Morte d' Arthur. Sir Thos. 

Malory's Book of King Arthur and of his 

Noble Knights of the Round Table. The 

Edition of Caxton, revised for modern use. 

By Sir E. Strachey, Bart. 
Milton. — Poetical Works. Edited, with 

Introductions, by Prof. Masson. 
Pope. — Poetical Works. Edited, with 

Memoir and Notes, by Prof. Ward. 
Scott.— Poetical Works. With Essay 

by Prof. Palgrave. 
Shakespeare. — Complete Works. Edit. 

by W. G. Clark and W. Alois Wright. 

India Paper Edition. Cr. 8vo, cloth extra, 

gilt edges, xos. td. net. 
Spenser. — Complete Works Edited by 

R. Morris. MemoirbyJ.W. Hales, M.A. 
Virgil. — ^Works. Rendered into English 

Prose by James Lonsdale and S. Lee. 

GOLDEN TREASURY SERIES.— Uni- 
formly printed in i8mo, with Vignette Titles 
by Sir J. E. MiLLAis, Sir Noel Paton, 
T. Woolner, W. Holman Hunt, Arthur 
Hughes, etc. 4X. td. each. — ^Also a re-issue 
in fortnightly vols. 2s.td. net, from June, 1891. 

The Golden Treasury of the Best Songs 
AND Lyrical Poems in the English 
Language. Selected and arranged, Mrith 
Notes, by Prof. F. T. Palgrave. — Large 
Paper Edition. 8vo. los. td: net. 



GOLDEN TREASURY SERlES-<onid. 

The Children's Garland from the Best 
Poets. Selected by Coventry Patmorb. 

Bunyan. — ^The Pilgrim's Progress from 
this World to that which is to Comb. 

Bacon.— Essays, and Colours of Good 
AND Evil. With Notes and Glossarial 
Index by W. Alois Wright, M.A. 

The Book of Praise. From the Best Eng- 
lish Hymn Writers. Selected by RouN- 
DELL, Earl of Selbornb. 

Shelley. — Poems. Edited by Stopford 
A. Brooke. — Large Paper Edit. 12s. td. 

The Fairy Book : the Best Popular 
Fairy Stories. Selected by Mrs. Craik, 
Author of " John Halifax, (jentleman." 

Wordsworth. — Poems. Chosen and Edited 
by M. Arnold. — Large Paper Edition. 9^. 

Plato.— The Trial and Death of Socra 
TES. Being the Euthyphron, Apology, Crito 
and Phaedo of Plato. Trans.F. J. Church. 

Lamb. — Tales from Shakspeare. Edited 
by Rev. Alfred Ainger, M.A. 

The Jest Book. The Choicest Anecdotes 
and Sayings. Arranged by Mark Lemon. 

The Ballad Book. A Selection of the 
Choicest British Ballads. Edited by 
William Allingham. 

The Sunday Book of Poetry for thb 
Young. Selected by C. F. Alexander. 

The Song Book. Words and Tunes se- 
lected and arranged by John Hull ah. 

Scottish Song. Compiled by Mary Car- 

LYLE AlTKEN. 

La Lyre Fran9aise. Selected and arranged, 
with Notes, by G. Masson. 

Deutsche Lyrik. The Golden Treasury 
of the best German Lyrical Poems. Se- 
lected by Dr. Buchheim. 

Balladen und Romanzen. Being a Se- 
lection of the best German Ballads and 
Romances. Edited, with Introduction and 
Notes, by Dr. Buchheim. 

A Book of (Golden Thoughts. By Henry 
Attwell. 

Addison. — Essays. Chosen and Eklited by 
John Richard Green. 

Matthew Arnold. — Selected Poems. 

Sir Thomas Browne. — Religio Medici, 
Letter to a Friend, &c., and Christ- 
ian Morals. Edited by w. A. Green- 
hill, M.D. 

Byron. — Poetry. Chosen and arranged 
by Matthew Arnold. — Large Paper 
Edition, gs. 

CowpER. — Selections from Poems. With 
an Introduction by Mrs. Oliphant. 

— Letters. Eklited, with Introduction, by 
Rev. W. Benham. 

Defoe. — ^The Adventures of Robinson 
Crusoe. Edited by J. W. Clark, M.A. 

Hare. — Guesses at Truth. By Two 
Brothers. 

Herrick. — Chrvsomela. Edited by Prof. 
F. T. Palgrave. 

Hughes. — ^Tom Brown's School Days. 

Keats. — The Poetical Works. Ekiited 
by Prof. F. T. Palgrave. 

Landor. — Selections. Ekl. by S. Colvin. 

Longfellow. — Poems of Places : Eng- 
land AND Wales. Edited by H. W. 
Longfellow, a vols. 

— Ballads, Lyrics, and Sonnets. 
Mohammad. — Speeches and Table-Talk. 

Translated by Stanley Lanb-Poolb. 
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GOLDEN TREASURY SERIES— contd. 

Newcastle. — ^The Cavalier and his 
Lady. Selections from the Works of the 
First Duke and Duchess of Newcastle. 
Withan Introductory Essay by £. Jenkins. 

Plato.— The Republic Translated by 
J. Ll. Davies, M.A., and D. J. Vaughan. 

— The Phaedrus, Lysis, and Protago- 
ras. Translated by J. Wright. 

Shakespeare. — Songs and Sonnets. Ed. 

with Notes, by Prof. F. T. Palgrave. 
Tennyson. — Lyrical Poems. Selected and 

Annotated by Prof. F. T. Palgrave. — 

Large Paper Edition. 9^. 

— In MsMORiAM. Large Paper Edit. 9*. 

Theocritus. — Bion, and Moschus. Ren- 
dered into English Prose by Andrew 
Lang. — Large Paper Edition, gs. 

Charlotte M. Yonge. — A Book of Wor- 
thies, GATHERED FROM OlD HISTORIES 
AND WRITTEN ANEW. 

— A Book of Golden Deeds op all 
Times and all Countries. 

— The Story op the Christians and 
Moors in Spain. 

GOLDSMITH, Essays of. Edited by C. D. 
YoNGE, M.A. Fcp. 8vo. m. 6d. {See also 
Globe Library, p. 30; Illustrated 
Books, p. la.) 

GRAY (Thomas).— Works. Edited by Ed- 
mund GossE. In 4 vols. Globe 8vo. 20s, — 
Vol. I. PoBMs, Journals, and Essays. — 
II. Letters. — ill. Letters. — IV. Notes 
ON Aristophanes and Plato. 

HAMERTON (P. G.).— The Intellectual 

Life. Cr. 8vo. jqs. 6d. 

Human Intercourse. Cr. 8vo. 8j. 6d. 

French and English : A Comparison. 

Cr. 8vo. lof . 6d. 

HARRISON (Frederic).— The Choice of 
Books. G1. 8vo. &r. — Large Paper Ed. iss. 

HARWOOD (George).— From Within. Cr. 
8vo. 6j. 

HELPS (Sir Arthur).— Essays Written in 
the Intervals of Business. With Intro- 
duction and Notes, by F. J. Rowe, M.A., 
and W. T. Webb, M.A. ix. gd. ; swd. zs. 6d. 

HOBART (Lord). — Essays and Miscella- 
neous Writings. With Biographical 
Sketch. Edited by Lady Hobart. 2 vols. 
Bvo. 25*. 

BUTTON (R. H.).— Essays on some of the 
Modern Guides of English Thought in 
Matters of Faith. Globe 8vo. 6s, 

—— Essays. 2 vols. Gl. 8vo. dr.each. Vol. 
I. Literary; II. Theological. 

HUXLEY (Prof. T. H.).— Lay Sermons, Ad- 
dresses, AND Reviews. 8vo. js. 6d. 

Critiques AND Addresses. 8vo. ios.6d. 

— — American Addresses, with a Lecture 
ON the Study of Biology. 8yo. 6s. 6d. 

Science and Culture, and other 

Essays. Bvo. lof . 6d, 

Introductory Science Primer. 1 8mo.i«. 

Essays on some Controverted Ques- 
tions. 8vo. 

JAMES (Henry). — French Poets and No- 
velists. New Edition. Cr. 8vo. 4^. 6d. 

Portraits of Places. Cr. 8vo. 7*. 6d, 

Partial Portraits. Cr. Bvo. 6*. 

KEATS.— Letters. Edited by Sidnbt 
CoLViN. Globe 8vo. 6s, 



KINGSLEY (Charles).— Complete Edition 

OF the Works of Charles Kingsley. 

Cr. 8vo. 3^. 6d. each. 

Westward Ho 1 With a Portrait. 

Hyp ATI A. 

Yeast. 

Alton Locke. 

Two Years Ago. 

Hereward the Wake. 

Poems. 

The Heroes; or, Greek Fairy Tales for 
my Children. 

The Water Babies: A Fairy Tale for a 
Land Baby. 

Madam How and Lady Why; or, First 
Lesson in Earth-Lore for Children. 

At Last : A Christmas in the West Indies. 

Prose Idylls. 

Plays and Puritans. 

The Roman and the Teuton. With Pre- 
face by Professor Max MCller. 

Sanitary and Social Lectures. 

Historical Lectures and Essays. 

Scientific Lectures and Essays. 

Literary and General Lectures. 

The Hermits. 

Glaucus; or, The Wonders of the Sea- 
Shore. With Coloured Illustrations. 

Village and town and CountrySermons. 

The Water of Life, and other Sermons. 

Sermons on National Subjects : and the 
King of the Earth. 

Sermons for the Times. 

Good News of God. 

The Gospel of the Pentateuch : and 
David. 

Discipline, and other Sermons. 

Westminster Sermons. 

All Saints' Day, and other Sermons. 

LAMB (Charles). — Collected Works. Ed., 
with Introduction and Notes, by the Rev. 
Alfred Ainger, M.A. Globe Bvo. ss. each 
volume. — I. Essays of Elia. — II. Plays, 
Poems, and Miscellaneous Essays.— III. 
Mrs. Leicester's School; The Adven- 
tures OF Ulysses ; and other Essays. — 
IV. Tales from Shakespeare. — V.and VI. 
Letters. Newly arranged, with additions. 

Tales FROM Shakespeare. z8mo. 4^.6^. 

Globe Readings Edition. Globe 8vo. 2; . 

LANKESTER(Prof. E. Ray).-THE Advance- 
ment OF Science. Occasional Essays and 
Addressee. Bvo. zos. 6d. 

LIGHTFOOT (Bishop).— Essays, a vols. 
I. Theological. II. Miscellaneous. Bvo. 

LODGE (Prof. Oliver).— The Pioneers of 
Science. Illustrated. Ext. cr. Bvo. 

LOWELL (Jas. Russell).— Complete Works. 

10 vols. Cr. Bvo. 6*. each. — Vols. I. — IV. 

Literary Essays.— V. Political Essays. 

— VI. Literary AND Political Addresses. 

VII.— X. Poetical Works. 
Political Essays. Ext. cr. Bvo. 7*. 6d, 

LUBBOCK (Rt. Hon. Sir John, Bart.).— Sci- 
ENTiFic Lectures. Illustrated. 2nd Edit, 
revised. Bvo. Bj. 6d. 

Political and Educational Ad- 
dresses. Bvo. Zs. 6d, 

Fifty Years of Science: Address to 

the British Association, iBBz. 5th Edi» 
Cr. Bvo. %s. 6d. 
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UTERATUSK 
CWUMtodWorki; Easayi; LeelarMi; 

Letters; lUiotUuieoiii Woike-^cMiA 

LUBBOCK (Rt. Hon Sir John, Bart.).— Thb 
Plbasurbs op Life. New Edidoo. 6oth 
Thouiand. Gl.Svo. Parti. i*.6d.', swd. u»— 
Libraiy Edition, y. &/.— Part II. i«. 6d» ; 
Mwed^ IX. — Library Editum, yt.td. — Com< 
pictc in I vol. sx. 6</. 

MACMILLAN (Rev. Hugh).~RoMAN Mo- 
saics . or, Studies in Rome and its Neigh- 
bourhood. Globe 8vo. 6f. 

MAHAFFY (Prof. J. P.).-Thb Pkinciplbs 
OP THB Artop Conversation. Cr.Svo. ^.td, 

MASSON (David).— Wordsworth, Shbllbv, 
Keats : and other Essays. Cr. 8vo. 51. 

MAURICE (F. D.).— The Friendship op 
Books : ana other Lectures. Cr. 8vo. 4X. &f. 

MORLEY Oohn).— Works. Collected Edit. 
In IX vols. Globe 8vo. 5*. each.— Voltaire. 
I vol. — Rousseau, a vols. — Diderot /nd 

THE ENCVLOPiBDISTS. 3 VOls.— On COM- 
PROMISE. I VoL — MiSCBLLANIBS. 3 VOls. — 

Burke, x vol. — Studies in Literaturb. 
I vol. 

MYERS(F.W.H.X -Essays, a vols. Cr.Bvo. 
4r. 6r/. each. — I. Classical; II. Modern. 

NADAL (E. S.). — Essays at Homb and 
Elsewhere. Cr. 8vo. 6s. 

OLI PH ANT(T. L. KinEton).— The Duke and 
the Scholar : and omer Essays. 8vo. js,(>d. 

OWENS COLLEGE ESSAYS AND AD- 
DRESSES. By Professors and Lecturers 
of the College. Bvo. X4X. 

PATER (W.).— The Renaissance ; Studies 

in Art and Poetry. 4th Ed. Cr.Bvo. xof.6^. 

Imaginary Portraits. Or. Bvo. 6f. 

-— ~ Appreciations. With an Essay on 

"Style." and Edit. Cr.Bvo. %s.6d. 
— — Marius the Epicurean. • vols. Cr. 

Bvo. xax. 
PICTON (J. A.).— The Mvstbry op Mattbr : 

and other Essays. Cr. Bvo. 6r. 

POLLOCK (Sir F., Bart.).— Oxpord Lec- 
tures : and other Discourses. Bvo. gs. 

POOLE (M. E.).— Pictures op Cottage 
LiPE IN the West op England, and Ed. 
Cr. Bvo. 3X. Sd, 

POTTER (Louisa).— Lancashirb Mbmoribs. 
' Cr. Bvo. 6s. 

PRICKARD (A. O.y.— Aristotle on the 
Art of Poetry. Cr. Bvo. 3*. 6d, 

RUMFORD.—CoMPLBTB Works op Count 
Rumpord. Memoir by G. Ellis. Por- 
trait. 5 vols. 8vo. 4/. 14X. 6d. 

SCIENCE LECTURES AT SOUTH KEN- 
SINGTON. Iliustr. 9 vols. Cr.Bvo. 6x.each. 

SM ALLEY (George W.).— London Letters 
AND some others, s vols. Bvo. 3ax. 

STEPHEN (Sir James Fiujames, Bart.).— 
HoRAB Sabbaticae. GloM 8vo. 

THRING (Edward^— Thoughts on Lipb 

Science, and Edit. Cr. Bvo. jx. 6d, 
WESTCOTT (Bishop). (.S'rrTHBOLOGY,p.36.) 

WILSON (Dr. George).— Rbucio Cmemici. 

Cr. Bvo. 8x. 6d. 
The Five Gateways op Knowledge 

9th Edit. Ext. fcp. Bvo. ax. 6d. 



WHITTIER (John Greenleaf). The Com- 
plete Works. 7 vols. Cr. Bvo. fix. each.— 
VoL I. Narrative and Legendary Poems. 
— II. Poems op Nature ; Poems Subjbc- 
tivs and Reminiscent : Religious Poems. 
— III. Anti-Slavery Poems; Songs or 
Labour and Reporm. — IV. Psrsonai. 
Poems ; Occasional Poems ; The Tent on 
the Beach ; with the Poems of Elizabeth 
H. Whittibr, and an Appendix containing 
Early and Uncollected Verses.— V. Mar- 
garet Smith's Journal; Tales and 
Sketches.— VI. Old Portraits and Mo- 
dern Sketches ; Personal Sketches and 
Tributes ; Historical Papers. — ^VII. Thk 
CoNPLiCT with Slavery, Politics, and 
Reporm ; The Inner Lipb, Criticism. 

LOOIO. iSti under Philosophy, p. 36.) 

1IAGAZIMB8. {See Periodicals). 

MAOMBnSK. {See under Physics, p. a6.) 

MATHEMATICS, History o£ 

BALL (W. W. R.).— A Short Account of 
the History op Mathematics. Cr. Bvow 

xoe,6d. 

MBDICINB. 

{See etisc Domestic Economy ; Nursing ; 

Hygiene; Physiology.) 

ACLAND (Sir H. W.).— The Army Medicai. 
School : Address at Netley Hospital, it. 

ALLBUTT (Dr. T. Clifford).— On the Us* 
OP THE Ophthalmoscope. Bvo. ly. 

ANDERSON (Dr. McCall).— Lectures on 
Clinical Medicine. lUustr. Bvo. lor.fii^ 

BALLANCE(C. A.)and EDMUNDSPr.W.). 
Ligation IN Continuity. lUustr. Roy.Bvo. 
30f. neL 

BARWELL (Richard, F.R.CS.). — Thk 
Causes and Treatment op Lateral 
Curvature op the Spine. Cr. Bvo. 5^. 

On Aneurism, especially op thb 

Thorax and Root op the Neck. 3s. 6d. 

BASTIAN (H. Charlton).— On Paralysis 
prom Brain Disease in its Common 
Forms. Cr. Bvo. los. 6d. 

BICKERTON (T. H.).— On Colour Blind- 
ness. Cr. 8vo. 

BRAIN: A Journal OP Neurology. Edited 
for the Neurological Society of London, hv 
A. De Watteville, Quarterly. Bvo. js.6a. 
(Part I. in Jan. 1878.) Vols. I. to XII. 8vo. 
xss. each. [Cloth covers for Unding, is. each.) 

BRUNTON (Dr. T. Lauder). — A Text- 
Book op Pharmacology, Therapeutics, 
AND Materia Medica. 3rd Edit. Med. 
Bvo. 9is. — Or in 3 vols. aar. 6d. 

— — Disorders op Digestion : their Con- 
sequences AND Treatment. 8vo. zof. 6d, 

Pharmacology AND Therapeutics ; or, 

Medicine Past and Present. Cr. Bvo. 6s. 

-— - Tables op Materia Medica : A C<wi- 
panion to the Materia Medica Museum. 
Bvo. ST. 

Croonian Lectures on the Connec- 
tion between Chemical Constitution 
AND Physiological Action. Being an In- 
troduction to Modem Therapeutics. Bvo. 

BUCKNILL (Dr.).— The Care op the In- 
sane. Cr. Bvo. 3f . 6d. 
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CARTER (R. Brudenell, F.C.S.X— A Prac- 
tical Trbatisb on Diseases of the Eye. 
8vo. i6s. 

-^ Eyesight, Good and Bap. Cr. 8vo. 6*. 

Modern Operations for Cataract. 

8vo. 6s. 

CHRISTIE (J.).— Cholera Epidemics in 
East Africa. 8vo. 15*. 

COWELL (George).— Lectures on Cata- 
ract : Its Causes, Varieties, and Treat- 
ment. Cr. 8vo. 4f. 6d. 

FLUCKIGER (F. A.) and HANBURY (D.). 
— Pharmacographia. a History of the 
Principal Drugs of Vegetable Origin met 
with in Great Britain and India. 8vo. ais. 

FOTHERGILL (Dr. J. Milner).— The Prac- 
titioner's Handbook of Treatment; 
or. The Principles of Therapeutics. 8vo. x6x. 

The Antagonism of Therapeutic 

Agents, and what it Teaches. Cr. 8vo. 6s. 

Food for the Invalid, the Convales- 
cent, THE Dyspeptic, and the Gouty. 
and Edit. Cr. 8vo. 3X. 6d. 

FOX (Dr. Wilson). — On the Artificial 
Production of Tubercle in the Lower 
Animals. With Plates. 410. 5;. 6d. 

— On the Treatment of Hyperpyrexia, 
AS Illustrated in Acute Articular 
Rheumatism by means of the External 
Application of Cold. 8vo. m. 6</. 

GRIFFITHS (W. H.).— Lessons on Pre- 

SCRIPTIONS AND THE ArT OF PRESCRIBING. 

New Edition. i8mo. y. 6d. 

HAMILTON (Prof.D. J.).— On the Patho- 
logy OF Bronchitis, Catarrhal Pneu- 
monia^ Tubercle, and Allied Lesions of 
THE Human Lung. 6vo. Zs. 6d. 

A Text-Book of Pathology, Syste- 
matic AND Practical. Illustrated. Vol. 
I. 8vo. 35f. 

HANBURY (DanielX — Science Papers, 
CHIEFLY Pharmacological and Botani- 
cal. Med. 8vo. Z4r. 

KLEIN (Dr. E.). — Micro-Organisms and 
Disease. An Introduction into the Study 
of Specific Micro-Organisms. Cr. 8vo. 6s, 

•—— The Bacteria in Asiatic Cholera. 
Cr. 8vo. 5f. 

LEPROSY INVESTIGATION COMMIT- 
TEE, JOURNAL OF THE. Edited by 
P. S. Abraham, M.A. Nos. 2 and 3. 
sx. 6d. each net. 

LINDSAY (Dr. J. A.). — The Climatic 
Treatment of Consumption.. Cr. 8vo. 5*. 

MACKENZIE (Sir Morell).— The Hygiene 
OF THE Vocal Organs. Cr. 8vo. 6s. 

MACLAGAN (Dr. T.).--The Germ Theory. 
8vo. lof . 6d. 

MACLEAN (Surgeon-General W. C.).— Dis- 
eases OF Tropical Climates. Cr. Bvo. 

TOS.6d. 

MACNAMARA (C.).— A History of Asiatic 
Cholera. Cr. 8vo. lor. 6d, 

MERCIER (Dr. C.).— The Nervous System 
AND THE Mind. 8vo. i3f. 6d, 



PIFFARD (H. G.).— An Elbmbntarv Trea- 
tise ON Diseases of the Skin. 8vo. i6f . 

PRACTITIONER, THE: A Mo>rrHL> 
Journal of Therapeutics and Public 
Health. Edited by T. Lauder Bruntom, 
F;R.S., etc. ; Donald MacAlistbr, M.A., 
M.D., and J. Mitchell Bkuc>» M.D. 
is.6d. monthly. Vols. L— XLVL Half, 
yearly vols. iof.6</. each. [Cloth covers for 
binding, is. each.] 

REYNOLDS (T. R.).— A System of Mbdi* 
CINE. Edited by J. Russell Reynolds, 
M.D., In 5 vols. Vols. L— IIL and V. 
8vo. 9SS. each.— Vol. IV. axi. 

RICHARDSON (Dr. B. W.).— Disbasbs of 
Modern Life. Cr. 8vo. 

The Field of Disease. A Book of 

Preventive Medicine. 8vo. 95*. ' 

SEATON (Dr Edward C.).— A Handbook 
OF Vaccination. Ext.- fcp. 8vo. &r. 6d. 

SEILER (Dr. Carl).— Micro-Photographs 
IN Histology, Normal and Pathologi- 
cal. 4to. 3 If. 6d. 

SIBSON (Dr. Francis).— Collected Works 
Edited by W. M. Ord, M.D. Illustrated. 
4 vols. 8vo. 3/. 3*. 

SPENDER (J. Kent).— Therapeutic Means 
FOR THE Relief of Pain. 8vo. Zs. 6d. 

SURGERY (THE INTERNATIONAL 
ENCYCLOPAEDIA OF). A Systematic 
Treatise on the Theory and Practice of Sur- 
gery by Authors of various Nations. Eklited 
by John Ashhurst, jun.i M.D. 6 vols. 
Roy. 8vo. 31X. 6d. each. 

THORNE (Dr. Thorne). ^Diphtheria. C». 
8vo. Zs. 6d. 

WHITE (Dr. W. Hale).— A Text-Book of 
General Therapeutics. Cr. 8va Zs. 6d. 

ZIEGLER (Ernst).— A Text-Book of Pa- 

THOLOGICAL AnATOMY AND PATHOGENESIS. 

Translated and Edited by Donald Mac- 
Alister, M.A., M.D. Illustrated. 8va— 
Part L General Pathological Anatomy. 
i2s.6d. — Part II. Special Pathological 
Anatomy. Sections I.— VIII. and IX.— 
XII. 8vo. isf. 6d. each. 

MSTALLUSaY. 

(See also Chemistry.) 

HIORNS (Arthur H.).— A Text-Book of 
Elementary Metallurgy. G1. 8yo. 41. 

Practical Metallu rgy and Assaying. 

Illustrated. Globe 8vo. 6s. 

Iron and Steel Manufacture. Illus- 
trated. Globe 8vo. 3^.6^. 

Mixed Metals or Metallic Alloys. 

Globe 8vo. 6s. 

PHILLIPS (J. A.).— A Treatise on Ore 
Deposits. Illustrated. Med. 8vo. 25;. 

UETAFHTSIOB. 

{See under Philosophy, p. 25.) 

MILITARY ART AVD HISTORY. 

ACLAND (Sir H. W.). (See Medicine.) 

AITKEN (Sir W.).— The Growth of the 
Recruit andYoungSoldier. Cr.8vo. Zt ' 
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MILITARY mvrOKi-conttnwd, 

CUNYNGHAME (Gen. Sir A. T.).— Mt 
Command in South Africa, 1874—78. 
8vo. xu. 6d. 

HOZIER (Ueuc-Col. H. M.).— Thb Sbvsn 
Wbbks' War. 3rd Edit. Cr. 8vo. 6s. 

The Invasions of England, a vols. 

8vo. a8«. 

MARTEL (Chas.).— Military Italy. With 
Map. 8vo. 121. 6d. 

MAURICE (Lt. -Col.).— War. 8vo. 5*. net. 
The National Defences. Cr. 8vo. 

MERCUR (Prof. J.).— Elements of the 
Art of War. 8vo. 17*. 

SCRATCHLEY — KINLOCH COOKE. — 
Australian Defences and New Guinea. 
Compiled from the Papers of the late Major- 
General Sir Peter Scratch ley, R.E., by 

C. KiNLOCH COOKB. 8vo. 14S. 

THROUGH THE RANKS TO A COM- 
MISSION. New Edition. Cr. 8vo. iis.6d. 

WILKINSON (S.). — The Brain of an 
Army. A Popular Account of the German 
General Staff. Cr. 8vo. 2s. td. 

WINGATE (Major F. R.).— Mahdiism and 
the Egyptian Sudan. An Account of the 
Rise and Progress of Mahdiism, and of Sub- 
se<}uent Events in the Sudan to the Present 
Time. With 17 Maps. 8vo. ya. net. 

WOLSELEY (General Viscount).— The Sol- 
dier's PoCKET-BoOK for FiELD SERVICE. 
5th Edit. z6mo, roan. 51. 

Field Pocket-Book for the Auxiliary 

Forces. i6mo. zs, 6d. 

MIKEBALOOT. (.S'^f Geology.) 

MISCELLANEOUS WORKS. 

{:See under Literature, p. 19.) 

MUSIC. 

FAY (Amy). — Music-Study in Germany. 
Preface by Sir Geo. Grove.. Cr.Bvo. ^.6d. 

GROVE (Sir George).— A Dictionary of 
Music and Musicians, a.d. 1450 — 1889. 
Edited by Sir George Grove, D.C.L. In 
4 vols. 8vo. 211. each. With Illustrations in 
Music Type and Woodcut. — Also published 
in Parts. Parts I.— XIV., XIX.— XXII. 
y. td. each; XV. XVI. 7*. ; XVII. XVIII. 
IS. ; XXIII.— XXV., Appendix. Edited by 
J. A. Fuller Maitland, M. A. 9^. [Cloth 
cases for binding the volumes, is. each.] 

A Complete Index to the Above. By 

Mrs. E. Wodehouse. 8vo. 7*. 6d. 

HULLAH (John). — Music in the House. 
4th Edit. Cr. 8vo. as. 6d. 

TAYLOR (Franklin).— A Primer of Piano- 
forte Playing. i8mo. is. 

TAYLOR (Sedley).— Sound and Music 2nd 
Edit. Ext. cr. Bvo. Zs. 6d. 

A System of Sight-Singing from the 

Established Musical Notation. 8vo. 
5s. net. 
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NATURAL HISTORY. 

ATKINSON (J. C). (See Antiquities.) 

BAKER (Sir Samuel W.). (See Sport.) 

BLANFORD (W. T.). — Geology ani> 
Zoology of Abyssinia. 8vo. 21s. 

FOWLER (W. W.).— Tales of the Birds. 

Illustrated. Cr. 8vo. y. 6d 
A Year with the Birds. Illustrated. 

Cr. 8vo. y. 6d. 

KINGSLEY (Charles).— Madam How and 
Lady Why ; or, First Lessons in Earth-Lore 
for Children. Cr. 8vo. ys. 6d. 

Glaucus ; or. The Wonders of the Sea- 
Shore. With Coloured Illustrations. Cr. 
8vo. 3*. 6d. — Presentation Edition. Cr. 
8vo, extra cloth. 7; . 6d. 

WALLACE (Alfred Russel).— The Malay 
Archipelago : The Land of the Orang 
Utang and the Bird of Paradise. Maps and 
Illustrations. Ext. cr. 8vo. 6*. (JSee aUa 
Biology.) 

WATERTON (Charles).— Wanderings in 
South America, the North-West of 
the United States, and the Antilles. 
Edited by Rev. J. G. Wood. Illustrated. 
Cr. 8vo. 6j.— People's Edition. 4ta 6d. 

WHITE (Gilbert).— Natural History and 
Antiquities of Selborne. Ed. by Frank 
BucKLAND. With a Chapter on Antiquities 
by the Earl of Selborne. Cr. 8vo. ts. 

NATURAL PHILOSOPHT. {.See Physics.) 

NAVAL SCIENCE. 
ROBINSON (Rev. J. L.).— Marine Survey- 
ing, An Elementary Treatise on. For 
Younger Naval Officers. lUust. Cr.Svo. ^s.(id. 

SHORTLAND (Admiral).— Nautical Sur- 
veying. Bvo. 2If. 

THOMSON (Sir Wm.). — Popular Lec- 
tures AND Addresses. — Vol. III. Navi- 
gation. Cr. 8vo. 7*. td. 

NOVELS. {See Prose Fiction, p. 17.) 

NURSING. 

{See under Domestic Economy, p. 8.) 

OPTICS (or LIGHT). {See Physics, p. 27.) 
PAINTINa {See ksT.) 

PERIODICALS. 

AMERICAN JOURNAL OF PHILOLOGY, 
THE. {See Philology.) 

BRAIN. {See Medicine.) 

ECONOMIC JOURNAL, THE. {See Po- 
LiTiCAL Economy.) 

ECONOMICS, THE QUARTERLY JOUR- 
NAL OF. {See Political Economy.) 

ENGLISH ILLUSTRATED MAGAZINE, 
THE. — Profusely Illustrated. Published 
Monthly. No. I. October, 1883. 6rf.— 
Vol. I. 1884. ^s. 6rf.— Vols. II.-VIII. Super 
royal 8vo, extra cloth, coloured edges. %s. 
each. [Cloth Covers for binding Volumes, 
xs. each.] 
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NATURE : A Weekly Illustrated Jour- 
nal OF Science. Published every Thiursdav. 
Price 6d. Monthly Parts, 2;. and or. td. ; 
Ciurrent Half-yearly vols.^ 15*. each. Vols. 
I. — XLIII. [Cases for binding vols. is. td. 
•ach.] 

HELLENIC STUDIES, THE JOURNAL 
OF. Pub. Half- Yearly from 1880. 8vo. 30*. ; 
or each Part, 15J. Vol. XII. Part I. 15X. net. 
The Journal will be sold at a reduced price 
to Libraries wishing to subscribe, but official 
application must in each case be made to the 
Council. I nformation on this point, and upon 
the conditions of Membership,may be obtained 
on application to the Hon. Sec, Mr. George 
Macmillan, 29, Bedford Street, Covent Garden. 

MACMILLAN'S MAGAZINE. Published 
Monthly, is. — Vols. I.-LXIV. -js. td. each. 
[Cloth covers for binding, u. eacn.] 

PHILOLOGY, THE JOURNAL OF. {See 
Philology.) 

PRACTITIONER, THE. {See Medicine.) 

RECORD OF TECHNICAL AND SE- 
CONDARY EDUCATION. {See Edu- 
cation. 

PHILOLOOT. 

AMERICAN JOURNAL OF PHILOLOGY, 
THE. Edited by Prof. Basil L. Gilder- 
sleeve. \s. 6d. each No. (quarterly). 

AMERICAN PHILOLOGICAL ASSOCIA- 
TION, TRANSACTIONS OF. Vols. I.— 
XX. 8j. 6d. per vol. net, except Vols. XV. 
and XX., which are los. 6d. net. 

CORNELL UNIVERSITY STUDIES IN 
CLASSICAL PHILOLOGY. Edited by 
I. Flagg, W. G. Hale, and B. I. Wheeler. 
I. The C i/ il/-CoNSTRUCTiONs : their His- 
tory and Functions. Part I. Critical, is. Sd. 
net. Part II. Constructive. By W. G. 
Hale. 3s. ^. net. — II. Analogy and the 
Scope of its Application in L«anguage. 
By B. I. Wheeler, js.^d. net. 

GILES (P.). — A Short Manual of Philo- 
logy FOR Classical Students. Cr. 8vo. 

JOURNAL OF SACRED AND CLASSI- 
CAL PHILOLOGY. 4 vols. 8vo. 12s.6d.tach. 

JOURNAL OF PHILOLOGY. New Series. 
Edited by W. A. Wright, M.A., I. By- 
water, M.A., and H. Jackson, M.A. 
4J. 6d. each No. (half-yearly). 

KELLNER (Dr. L.). - Historical Out- 
lines OF English Syntax. Ex. fcp. Svo. 6s. 

MORRIS (Rev. Richard, LLD.).— Primer 
OF English Grammar. i8mo. is. 

Elementary Lessons in Historical 

English Grammar. i8mo. 2;. 6d. 

Historical Outlines of English Ac- 
cidence. Extra fcp. Svo. 6s. 

MORRIS (R.) and BOWEN (H. CX— Eng- 
lish Grammar Exercises. i8mo. is. 

OLIPHANT (T. L. Kington}. — The Old 
and Middle English. Globe Svo. 9^. 

— — The New English, a vols. Cr. Svo. ai*. 

PEILE (John). — A Primer of Philology. 
z8mo. IS. 

PELLISSIER (E.).— French Roots and 
THEIR Families. Globe Svo. ts. 



TAYLOR (Isaac).— Words and Places. 

9th Edit. Maps. Globe Svo. 6s. 
Etruscan Researches. 8vo. 14*. 

Greeks and Goths: A Study of the 

Runes. Svo. 9^. 

WETHERELL (J.).— Exercises on Mor- 
ris's Primer of English Grammar. 
iSmo. IS. 

YONGE (C. M.).— History of Christian 
Names. New Edit., revised. Cr. Svo. •js.6d, 

PHILOSOPHT. 

Ethics and Metaphysics — Logic — Psychology, 

EtblcB and Metapli3rslcB. 

BALFOUR (Right Hon. A. J.).— A Defence 
of Philosophic Doubt. Svo. lar. 

BIRKS(Thomas Rawson).— First Principles 
OF Moral Science. Cr. Svo. &r. 6d. 

Modern Utilitarianism ; or, The Sys- 
tems of Paley, Bentham, and Mill Examined 
and Compared. Cr. Svo. 6s. 6d. 

Modern Physical Fatalism, and the 

Doctrine of Evolution. Including aa 
Examination of Mr. Herbert Spencer's 
"First Principles." Cr. Svo. 6s. 

CALDERWOOD (Prof. H.).— A Handbook 
OF Moral Philosophy. Cr. Svo. 6*. 

FISKE Gohn). — Outlines of Cosmic Philo- 
sophy, BASED ON THE DOCTRINE OF EVOLU- 
TION. 2 vols. Svo. 25*. 

FOWLER (Rev. Thomas). — Progressive 
Morality : An Essay in Ethics. Cr. Svo. 5^. 

HARPER (Father Thomas).— The Meta- 
physics OF THE School. In 5 vols. — Vols. I. 
and II. Svo. iS^. each. — Vol. III. Parti. 12*. 

KANT. — Kant's Critical Philosophy for 
English Readers. By J. P. Mahaffy, 
D.D., and T. H. Bernard, B.D. 2 vols. 
Cr. Svo. — Vol. I. The Kritik of Pure 
Reason Explained and Defended. ns.6d, 
— Vol. II. The Prolegomena. Translated, 
with Notes and Appendices. 6; . 

KANT— MAX MULLER. — Critique of 
Pure Reason by Immanuel Kant. Trans- 
lated by F. Max MCller. With Intro- 
duction by LuDwiG Noir£. 2 vols. Svo. 
i6s. each (sold separately). — Vol. I. His- 
torical Introduction, by Ludwig Noirj^, 
etc. — Vol. II. Critique of Pure Reason. 

MAURICE (F. D.).— Moral and Meta- 
physical Philosophy. 2 vols. Svo. i6s. 

McCOSH (Rev. Dr. James).— The Method 
OF THE Divine Government, Physical 
and Moral. Svo. los. 6d. 

The Supernatural in Relation to 

THE Natural. Cr. Svo. ^s. 6d. 

The Intuitions of the Mind. Svo. 

los. 6d. 

An Examination of Mr. J. S. Mill's 

Philosophy. Svo. ios. 6d. 

Christianity and Positivism. Lec- 
tures on Natural Theology and Apologetics. 
Cr. Svo. fs. 6d. 

The Scottish Philosophy from Hut- 

CHESON TO Hamilton, Biographical, Ex- 
pository, Critical. Roy. Svo. i6s. 

Realistic Philosophy Defended in a 

Philosophic Series, a vols. — Vol. I. Ex- 
pository. Vol. II. Historical AND Criti- 
cal. Cr. Svo. Z4J. 
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PHIL080PSY. 
Etliios and Metapbyiiot-cMi/iWW^f. 

McCOSH (Rev. Dr. J.).— First and Fund- 

AMBNTAL Tkuths. Being a Treadle on 

MeUpbyaici. 8vo. Of. 
—^ Tm« PrbvailincTvpbs op Philosophy : 

Can thby Logically reach Reality? 

8vo. y. 6d. 

MASSON (Prof. DavidX— Recent British 
Philosophy, yd Edit. Cr. 8vo. 6t. 

SIDGWICK (Prof. Henry).— The Mbthops 
OP Ethics. 4th Edit., revised. 8vo. i^, 

— — A Supplement to the Second Edition. 
Containing all the important Additions and 
Alterations in the Fourth Edition. 8vo. 6s. 

<—- Outlines op the History op Ethics 
POR English Readers. Cr. 8va .v* <^ 

THORNTON (W. T.). — Old-Fashioned 
Ethics and Common*Sense Metaphysics. 
8vo. zof. 6d. 

Logla 

BOOLE (George). — The Mathematical 
Analysis op Logic 8vo. sewed. 5^. 

CARROLL (Lewis).— The Game op Logic. 
Cr. 8vo. 3f. net. 

JEVONS(W. Stanley).— A Primer op Logic. 

x8nio. IS. 
Elementary Lessons in Logic, De- 
ductive AND Inductive. xSmo. 3^. td, 
Studies in Deductive Logic, and 

Edit. Cr. 8vo. 6«. 
The Principles op Science : A Treatise 

on Logic and Scientific Method. Cr. 8vo. 

lar. 6d. 
— — Pure Logic: and other Minor Works. 

Edited by R. Adamson, M.A., and Har< 

RiET A. Jevons. 6vo. xos. 6d. 

KEYNES (J. N.).— Studies and Exercises 
IN Formal Logic and Edit. Cr. Svo. xos. 6d. 

McCOSH (Rev. Dr.).— The Laws op Dis- 
cursive Thought. A Text-Book of Formal 
Logic. Cr. Svo. sf . 

RAY (Prof. P. K.).— A Text-Book op De- 
ductive Logic 4th Edit. Globe Svo. is.6d. 

VENN (Rev. John).— The Logic op Chance. 
and Edit. Cr. Svo. los. 6d. 

Symbolic Logic Cr. Svo. xof. 6d. 

The Principles op Empirical or In- 
ductive Logic Svo. xSf. 

Psycliology. 

BALDWIN (Prof. J. M.).— Handbook op 
Psychology: Senses and Intellect. Svo. izs.6d. 
— ~ Feeling and Will. Svo. xax. 6d, 

CALDERWOOD (Prof. H.). — The Rela- 
TiONS OP Mind and Brain. Svo. xzs. 

CLIFFORD (W. K.).— Seeing and Think- 
ing. Cr. Svo. y. 6d. 

H6FFDING(Prof. H.).— Outlines op Psy- 
chology. Translated by M. E. Lowndes. 
Cr. Svo. &r. 

JAMES (Prof. William).— The Principles op 
Psychology, a vols. Demy Svo. as*, net. 

JARDINE (Rev. Robert).— The Elements 
OP the Psychology op Cognition. 3rd 
Edit. Cr. Svo. 6s. 6d. 

McCOSH (Rev. Dr.).— Psychology. Cr. Svo. 

I. The Cognitive Powers. 6s. 6d. — II. 

The Motive Powers. 6s. 6d. 
The Emotions. Sva 9^. 



M AUDSLEY (Dr. Henry).— The Physiowksy 
OP Mind. Cr. Svo. xos. 6d. 

The Pathology op Mind. 8vo. x8*. 

Body and Mind. Cr. Svo. 6*. 6d, 



MURPHY 

GENCE. an 



(T. J.).- 
id Edit. 



-Habit and Intblli- 
Illustrated. Svo. zts. 



PHOTOGRAPHY. 

MELDOLA (Prof. R.).— The Chemistry of 
Photography. Cr. Svo. 6s. 

PHYBIC8 OB NATURAL PHILOSOPHY. 

Gensral— Electricity aud Magnttism — 
HsAtf Lights euid Sound. 

CtaneraL 

ANDREWS (Dr. Thomas) : The Scientific 
Papers op the late. With a Memoir by 
Profs. Tait and Crum Brown. Svo. x%s. 

EVERETT (Prof. J. D.).— The C. G. S. Sys- 
tem op Units, with Tables op Physical 
Constants. New Ektiu Globe Svo. sr. 

FESSENDEN (C.).— Physics for Public 
Schools. Globe Svo. 

FISHER (Rev. Osmond).— Physics op the 
Earth's Crust, and Edit. Svo. zar. 

GUILLEMIN (Amid^).— The Forces of 
Nature. A Popular Introduction to tbfe 
Study of Physicai Phenomena. 455 Wood- 
cuts. Roy. Svo. ax J. 

The Applications op Physical Forces. 

With Plates and Illustrations. Roy. Svo. azf. 

KEMPE (A. B.).— How to draw a Straight 
Line. Cr. Svo. xs. 6d. 

LOEWY (B.).— Questions and Examples 
in Experimental Physics, Sound, Light, 
Heat, Electricity, and Magnetism. 
Fcp. Svo. a^. 

A Graduated Course op Natural 

Science. Parti. GLSvo. ar.— Part II. %s.6d^ 

MOLLOY (Rev. G.).— Gleanings in Sci- 
ence : A Series of Popular Lectures on 
Scientific Subjects. Svo. 7^. 6d. 

STEWART (Prof. Balfour).— A Primer of 
Physics. Illustrated. iSmo. xs. 

, Lessons IN Elementary Physics. Illos- 

trated. Fcp. Svo. 47. 6d. 

Questions. By T. H. Core. zSmo. 9s. 

STEWART (Prof. Balfour) and GEE (W. W. 
Haldane). — Lessons in Elementary Prac- 
tical Physics. Illustrated. — GbneralPht- 
siCAL Processes. Cr. Svo. dr. 

TAIT (Prof. P. G.).— Lectures on somk 
Recent Advances in Physical Science. 
3rd Edit. Cr. Svo. 9^ . 

THOMSON (Sir Wm.).— Popular Lectures 
AND Addresses. — Vol. I. Constitution 
OP Matter. Cr. Svo. ^s. 6d. 

Electricity and Magnetism. 

GUMMING (Linnaeus).— An Introduction 
TO Electricity. Cr. Svo. 8*. 6d. 

DAY (R. E.).— Electric Light Arithmetic. 
iSmo. 3x. 

GRAY (Prof. Andrew).— The Theory and 
Practice op Absolute Measurements 
IN Electricity and Magnetism, a vols. 
Cr. Svo. Vol. I. laf. 6d. 

Absolute Measurements in Electri- 
city AND Magnetism. Fcp. Svo. 5*. 6d, 
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GUILLEMIN (A.).— Electricity AND Mag- 
netism. A Popular Treatise. Translated 
and Edited by Prof. Silvanus P. Thomp- 
son. Super Roy. 8vo. 31^. 6d. 

LODGE (Prof. Oliver).— Modern Views of 
Electricity. Cr. 8vo. 6f. (>d. 

MENDENHALL (T, C.).— A Century of 
Electricity. Cr. 8vo. 4^. 6d. 

STEWART (Prof. Balfour) and GEE (W. W. 
Haldane).— Lessons in Elementary Prac- 
tical Physics. Cr. Svo. Illustrated. — Elec- 
tricity and Magnetism. 7*. 6d. 

— — Practical Physics for Schools. G1. 
Svo. — Electricity and Magnetism. M.6d» 

THOMPSON (Prof. Silvanus P.). — Ele- 

MBNTARY LeSSONS IN ELECTRICITY AND 

Magnetism. Illustrated. Fcp. Svo. 4^. 6d. 

THOMSON (Sir Wm.).— Papers on Elec- 
trostatics AND Magnetism. Svo. x&r. 

TURNER (H. H.).— Examples on Heat 
AND Electricity. Cr. Svo. ax. 6d. 

m 

Heat, Light, and Sound. 

AIRY (Sir G. B.). — On Sound and Atmo- 
spheric Vibrations. Cr. Svo. 9^. 

CARNOT-THURSTON. ..Reflections on 
the Motive Power of Heat, and on 
Machines fitted to Develop that 
Power. From the French of N. L. S. Car- 
NOT. Edited by R. H. Thurston, LL.D. 
Cr. Svo. 7*. 6d. 

CLAUSIUS(R.).— The Mechanical Theory 
OF Heat. Translated by W. R. Browne. 
Cr. Svo. xoj. 6d. 

FERRERS (Rev. N. M.).— Spherical Har- 
monics and Subjects connected with 
them. Cr. Svo. js. 6d. 

JOHNSON (Amy). — Sunshine. Illustrated. 
Cr. Svo. 

JONES (Prof. D. E.).— Heat, Light, and 
Sound. Globe Svo. as. 6d. 

MAYER (Prof. A. M.).— Sound. A Series of 
Simple Experiments. lUustr. Cr. Svo. y.6d. 

MAYER (Prof. A. M.)and BARNARD (C.)— 
Light. A Series of Simple Experiments. 
Illustrated. Cr. Svo. as. 6d. 

PARKINSON (S.).— A Treatise on Optics. 
4th Edit., revised. Cr. Svo. lof. 6d. 

PEABODY(Prof. C. H.). —Thermodynamics 
OF the Steam Engine and other Heat- 
Engines. Svo. ai;. 

PERRY (Prof. J.).— Steam : An Elementary 
Treatise. zSmo. 4^. 6d. 

PRESTON (T.).— The Theory of Light. 

Illustrated. Sva x^s. net. 
The Theory of Heat. Svo. 

RAYLEIGH (Lord).— Theory of Sound. 
Svo. Vol. I. laf. 6d.—\o\. II. la*. 6d. 

SHANN (G.). — ^An Elementary Treatise 
ON Heat in Relation to Steam and the 
Steam-Engine. Illustr. Cr. Svo. ^.6d. 

SPOTTISWOODE (W.).— Polarisation of 
Light. Illustrated. Cr. Svo. 3;. 6d. 

STEWART (Prof. Balfour) and GEE (W. W. 
Haldane). — Lessons in Elementary Prac- 
tical Physics. Cr. Svo. Illustrated. — 
Optics, Heat, and Sound. 

Practical Physics for Schools. GI. 

6vo.— Heat, Light, and Sound. 



STOKES (Sir George G.).— On Light. The 
Burnett Lectures. Cr. Svo. 7^. 6d, 

STONE (W. H.).— Elementary Lessons on 
Sound. Illustrated. Fcp. Svo. 3^. 6<L 

TAIT (Prof. P. G.).— Heat. With Illustra- 
tions. Cr. Svo. 6s. 

TAYLOR (SedleyX— Sound and Music sod 
Edit. Ext. cr. Svo. 8j. 6d, 

TURNER (H. H.). (See Electricity.) 

WRIGHT (Lewis).— Light. A Course of 
Experimental Optics. lUust. Cr. Svo. js. 6d, 

PHTBIOORAPHT and MBTBOEOLOOY. 

ARATUS.— The Skies and Weather Fore- 
casts OF Aratus. Translated by E. Posts, 
M.A. Cr. Svo. 3^. 6d. 

BLANFORD (H. F.).— The Rudiments of 
Physical Geography for the Use of 
Indian Schools. Illustr. Cr. Svo. as. 6d, 

A Practical Guide to the Climates 

AND Weather of India, Ceylon and 

BURMAH, AND THE StORMS OF INDIAN 

Seas. Svo. las 6ii. 

FERREL (Prof. W.).— A Popular Trbatisk 
ON THE Winds. Svo. i&s. 

FISHER (Rev. Osmond).— Physics of the 
Earth's Crust, and Edit. Svo. xas. 

GALTON (Francis). — Meteorographica ; or, 
Methods of Mapping the Weather. 4to. 9^. 

GEIKIE (Sir Archibald^.— A Primer of Phy- 
sical Geography. Illustrated. xSmo. xs, 

Elementary Lessons in Physical 

Geography. Illustrated. Fcp. Svo. 4s, 6d 

Questions on the same, i* . 6d. 

HUXLEY (Prof. T. H.).— Physiography. 
Illustrated. Cr. Svo. 6s. 

LOCKYER(J. Norman).— Outlines of Phy- 
siography: the Movements of thb 
Earth. Illustrated. Cr. Svo, swd. if. 6d, 

MELDOLA(Prof. R.) and WHITE (Wm.).— 
Report on the East Anglian Earth- 
quake OF April aaND, 18S4. Sva 3^ 6d, 

PHYSIOLOGY. 

FEARNLEY(W.).— A Manual of Elemen- 
tary Practical Histology. Cr. Svo. 7*. 6d, 

FOSTER (Prof. Michael).— A Text-Book of 
Physiology. Illustrated. 5th Edit. Svo. — 
Part I. Book I. Blood : the Tissues op 
Movement, the Vascular Mechanism. 
xos. 6</.— Part II. Book II. The Tissues of 
Chemical Action, with their Respectivb 
Mechanisms : Nutrition, ios. 6d. — Part 
III. Book III. The Central Nervous 
System, js. &£— Part IV. Book III. The 
Senses, and some Special Muscular 
Mechanisms. — Book IV. The Tissues and 
Mechanisms of Reproduction, ios. 6d. 

A Primer of Physiology. xSmo. x*. 

FOSTER (Prof. M.) and LANGLEY (J. N.X 
— A Course of Elementary Practical 
Physiology and Histology. Cr. Svo. js. td, 

GAMGEE (Arthur).— A Text-Book of thb 
Physiological Chemistry of the Animal 
Body. Vol. I. Svo. z8«. Vol. II. 
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TBYBlOl/iOfT—coniiHtud, 

HUMPHRY (Prof. SirG. M.).— The Human 
Foot and thb Human Hand. Illustrated. 
Fcp. 8vo. 4S.6d, 

HUXLEY (Prof. Thos. H.). — Lessons in 

Elementary Physiolxksy. Fcp. 8vo. 4s. 6d, 

— — Questions. ByT. Alcock. z8ma zs.6d. 

MIVART (St. George).— Lessons in Ele- 
mentary Anatomy. Fq;>. 8vo. (a. 6d. 

PETTIGREW (J. Bell).— The Physiology 
OF THE Circulation in Plants in the 
Lower Animals and in Man. 8vo. zar. 

SEILER (Dr. Carl).— Micro-Photographs 
IN History. Normal and Pathological. 
4to. 3ZX. 6a. 

POETBY. (Seg under Literature, p. 14.) 

POLITICAL ECONOMY. 

BASTABLE (Prof. C. F.).— Public Finance. 

B6HM-BAWERK(Prof.).— Capital AND In- 
terest. Trans, by W. Smart. 8vo. laj .net. 

—— The Positive Theory of Capital. By 
the same Translator, xar. net. 

BOISSEVAIN (G. M.).— The Monetary 
Question. 8vo, sewed. 3;. net. 

BONAR (James). — Malthus and his Work. 
8vo. laf. dd. 

CAIRNES G> E.).— Some Leading Princi- 
ples OF Political Economy newly Ex- 
pounded. 8vo. Z4X. 

The Character and Logical Method 

OF Political Economy. Cr. 8vo. 6*. 

CLARKE (C. B.). — Speculations from 
Political Economy. Cr. 8vo. .v. 6rf. 

CO-OPERATION IN THE UNITED 
STATES : History of. Edited by H. B. 
Adams. 8vo. x^. 

DICTIONARY OF POLITICAL ECON- 
OMY, A. By various Writers. Edited by 
R. H. Inglis JPalgrave. 3^.6^. net. (Part I. 
July, X89X.) 

ECONOMIC JOURNAL, THE. — The 
Journal of the British Economic Asso- 
ciation. Edit, by Prof. F. Y.^Edgeworth. 
Published Quarterly. 8vo. 5;. (Part I. 
April, 1891.) 

ECONOMICS: The Quarterly Journal 
OF. Vol. II. Parts II. III. IV. is.td. each. 
— Vol. III. 4 parts. 2f . td. each. — Vol. IV. 
4 parts. 2f . 6d. each. 

FAWCETT (Henry).— Manual of Politi- 
cal Economy. 7th Edit. Cr. 8vo. i-zs. 

AnExplanatoryDigestoftheabove. 

By C. A. Waters. Cr. 8vo. 2j. td. 

Free Trade and Protection. 6th 

Edit. Cr. 8vo. 3* . dd. 

FAWCETT (Mrs. H.).— Political Econ- 
omy FOR Beginners, with Questions. 
7th Edit. i8mo. 2j. td, 

FIRST LESSONS IN BUSINESS MAT- 
TERS. By A Banker's Daughter, and 
Edit. i8mo. xs. 

GILMAN (N. P.). — Profit-Sharing be- 
tween Employer and Employee. Cr. 
8vo. ^5, 6d. 

GOSCHEN (Rt. Hon. George J.).— Reports 
AND Speeches on Local Taxation. Bvo. 5*. 

GUIDE TO THE UNPROTECTED: In 
Every-day Matters relating to Pro- 
perty AND Income. Ext. fcp. 8vo. 3;. 6d. 



GUNTON (George).— Wealth and Pro- 
cress. Cr. 8vo. 6s. 

HORTON (Hon. S. Dana).— The Silver 
Pound and England's Monetary Policy 
SINCE the Restoration. 8vo. 14^. 

HOWELL (George). —The Conflicts op 
Capital and Labour. Cr. 8vo. 7^. 6d. 

JEVONS (W. Stanley).— A Primer of Politi- 
cal Economy. i8mo. xs. 

The Theory of Political Economy. 

3rd Ed. 8vo. xos. 6d. 

Investigations in Currency and Fi- 
nance. Edit, by H.S. Fox well. 8vo. 21*. 

KEYNES CJ. N.).— The Scope and Method 
OF Political Economy. Cr. 8vo. js. net. 

MACDONELL (John).— The Land Ques- 
tion. 8vo. xos. 6d. 

MARSHALL (Prof. Alfred).— Principles of 
Economics. 2 vols. 8vo. Vol.1. i2j.6</. net. 

MARSHALL (Prof. A. and Mary P.).— The 
Economics OF Industry. Ext.fcp.8Yo. iu.6d, 

MARTIN (Frederick).— The History op 
Lloyd's, and of Marine Insurance in 
Great Britain. 8vo. x\s. 

PRICE (L. L. F. R.).— Industrial Peace : 
its Advantages, Methods, and Diffi- 
culties. Med. 8vo. 6s. 

SIDGWICK (Prof. Henry).— The Principles 
of Political Economy. 2nd Edit. 8vo. 16*. 

SMART (W.).— An Introduction to thk 
Theory of Value. Cr. 8vo. 3*. net. 

WALKER (Francis A.).^First Lessons in 
Political Economy. Cr, 8vo. 5^. 

A Brief Text-Book of Political 

Economy. Cr. 8vo. 6*. 6d. 

Political Economy. Bvo. izy. 6d. 

The Wages Question. Ext. cr. 8vo. 

Zs. 6d. net. 

Money. New Edit. Ext.cr.8vo. 8f.6</.net. 

Money in its Relation to Trade and 

Industry. Cr. 8vo. 7*. 6d. 

Land and its Rent. Fcp. 8vo. 3*. 6d.. 

WALLACE (A. R.).— Bad Times : An Essay. 
Cr. 8vo. 2j. 6d. 

WICKSTEED (Ph. H.).— The Alphabet op 
Economic Science. — I. Elements of thb 
Theory OF Value or Worth. G1.8vo. ^.6d. 

POLITICS. 

{See also History.) 

ADAMS (Sir F. O.) and CUNNINGHAM 
(C.) — The Swiss Confederation. 8vo. 14*. 

BAKER (Sir Samuel W.).— The Egyptiak 
Question. 8vo, sewed. 2J. 

BATH (Marquis of). — Observations on 
Bulgarian Affairs. Cr. 8vo. 3*. 6d. 

BRIGHT (John).— Speeches on Questions 
OF Public Policy. Edit, by J. E. Thorold 
Rogers. With Portrait. 2 vols. 8vo. 25X. 
— Popular Edition. Ext. fcp. 8vo. y. 6d. 

Public Addresses. Edited by J. E. T. 

Rogers. 8vo. 14X. 

BRYCE(Jas., M.P.).— The American Com- 
monwealth. 2 vols. Ext. cr. 8vo. 35^. 

BURKE (Edmund). — Letters, Tracts, anx> 
Speeches on Irish Affairs. Edited by 
Matthew Arnold, with Preface. Cr.8vo. 6s. 

Reflections on the French Revolu- 
tion. Ed. by F. G. Selby. Globe 8vo. 5*. 
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CAIRNES G- E.).— Political Essays. 8vo. 

los. 6d, 
The Slave Power. 8vo. los. 6d. 

COBDEN (Richard).— Speeches on Ques- 
tions OF Public Policy. Ed. by J. Bright 
and J. E. Thorold Rogers. G1. 8vo. ^. 6d. 

DICEY (Prof. A. V.).— Letters on Unionist 
Delusions. Cr. Bvo. ts. (id. 

DILKE (Rt. Hon. SirCharlesW.).— Greater 
Britain. A Record of Travel in English- 
Speaking Countries during 1866-67. (America, 
Australia, India.) 9th Edit. Cr. 8vo. ts. 

Problems of Greater Britain. Maps. 

3rd Edit. Ext. cr. 8vo. i2f. dd. 

DONISTHORPE (Wordsworth). — Indivi- 
DUALISM : A System of Politics. 8vo. \\s. 

DUFF(Rt. Hon. Sir M. E.Grant).— Miscella- 
nies, Political and Literary. 8vo. tos.6d. 

ENGLISH CITIZEN, THE.— His Rights 
and Responsibilities. Ed. by Henry Craik, 
C.B. Cr. Bvo. ys. 6d. each. 

The Punishment and Prevention of 
Crime. By Col. Sir Edmund du Cane. 

Local Government. By M.D. Chalmers. 

Colonies and Dependencies : Part I. In- 
dia. By J. S. Cotton, M.A. — II. The 
Colonies. By E. J. Payne. 

The State in its Relation to Educa- 
tion. By Henry Craik, C.B. 

The State and the Church. By Hon. 
Arthur Elliott, M.P. 

The State in its Relation to Trade. 
By Sir T. H. Farrer, Bart. 

The Poor Law. By the Rev. T. W. Fowle. 

The State in Relation to Labour. By 
W. Stanley Jevons. 

Justice and Police. By F. W. Maitland. 

The National Defences. By Colonel 
Maurice, R.A. [In the Prtst. 

The Land Laws. By Sir F. Pollock, 
Bart, and Eklit. 

Central Government. By H. D. Traill. 

The Electorate and the Legislature. 
By Spencer Walpolb. 

Foreign Relations. By S. Walpole. 

The National Budget; The National 
Debt; Taxes and Rates. By A. J. 
Wilson. 

FAWCETT (Henry). — Speeches on some 
Current Political Questions. 8vo. los.Sd, 

Free Trade and Protection. 6th 

Edit. Cr. 8vo. .v* 6d. 

FAWCETT (Henry and Mrs. H.).— Essays 
and Lectures on Political and Social 
Subjects. 8vo. los. 6d, 

FISKE (John). — ^Ambrican Political Ideas 
Viewed from the Stand-point of Uni- 
versal History. Cr. 8vo. 4X. 

Civil (Government in the United 

States considered with some Reference 
TO ITS Origin. Cr. 8vo. ts. 6d. 

FREEMAN (Prof. E. A.).— Disestablish- 
ment and Disbndowment. What are 
They? 4th Edit. Cr. 8vo. is. 

- Comparative Politics and The Unity 
OF History. Bvo. i\s. 

Thb Growth of the English Consti- 
tution. 5th Edit. Cr. Svo. 5^. 

HARWOOD((7eorKe).— Disestablishmbnt ; 
or, a Defence of the Principle of a National 
Church. Bvo. i9S. 

The Coming Democracy. Cr. 8va 6f. 



HILL (Florence D.). — Children op the 
State. Ed. by Fanny Fowke. Cr. Bvo. 6j. 

HILL C^ctavia). — Our Common Land, and 
other Essays. Ext. fcp. 8vo. 3*. 6d. 

HOLLAND (Prof. T. E.).— The Treaty Re- 
lations OF Russia and Turkey, from 
1774 TO 1853. Cr. Bvo. 2j. 

JENKS (Prof. Edward).— The Government 
OF Victoria (Australia). Bvo. 14J. 

LOWELL (J. R.). {,Se€ Collected Works.) . 

LUBBOCK (Sir J.). {See Collected Works.) 

MACDONELL (John).— The Land Ques- 
tion. Bvo. los. td. 

PALGRAVE (Reginald F. D.).— The House 
OF Commons: Illustrations of its History 
and Practice. Cr. Bvo. ^s. 6d. 

PALGRAVE (W. Gifford). — Essays on 
Eastern Questions. Bvo. los. 6d. 

POLLOCK (Sir F., Bart).— Introduction 
TO the History of the Science of 
Politics. Cr. Bvo. m. 6d. 

PRACTICAL POLITICS. Published under 
the auspices of the National Liberal Federa- 
tion. Bvo. 6s. 

ROGERS (Prof. J. E. T.).— Cobden and 
Political Opinion. Bvo. ios. 6d. 

ROUTLEDGE (Tas./.— Popular Progress 
IN England Bvo. i6s. 

RUSSELL (Sir Charles).— New Views on 
Ireland. Cr. Bvo. 2s. 6d. 

The Parnell Commission : Thb Open- 
ing Speech for the Defence. Bvo. tos.Sdm 
— Poplar Edition. Sewed. 2*. 

SELBORNE (Earl oi). iSu undir Theo- 
logy, p. 32.) 

SIDGWICK (Prof. Henry).— The Elements 
OF Politics. Bvo. 145. net. 

SMITH (Gold win). —Canada and the Cana- 
dian Question. Bvo. Zs. net. 

STATESMAN'S YEAR-BOOK, THK {Sm 
Statistics.) 

STATHAM (R.). — Blacks, Boers, and 
British. Cr. Bvo. 6s. 

THORNTON (W. T.).-A Plea for Peasant 
Proprietors. New Edit. Cr. Bvo. 7*. 6d. 

Indian Public Works, and Cognatb 

Indian Topics. Cr. Bvo. 8f. 6d. 

TRENCH (Capt. F.).— The Russo-Indian 
Question. Cr. 8va js. 6d. 

WALLACE (Sir Donald M.).— Egypt and 

THE EGYPTIAN QUESTION. 8vo. 14^. 

PSTCHOLOOT. 

{See under Philosophy, p. 96.) 

SCULFTUBB. {See Art.) 

SOCIAL BCONOMT. 

FAWCETT (H. and Mrs. H.). (.S*** Politics.) 

HILL (Octavia). — Homes of tub London 
Poor. Cr. Bvo, sewed, is, 

HUXLEY (Prof. T. H.).~Social Disbasbs 
AND Worse Rbmbdibs: Letters to th« 
" Times " on Mr. Booth's Schemes. Cr. 8vo. 
sewed, ix. net. 

JEVONS (W. Stanley).— Methods OF Social 
Reform. Bvo. xof. 6d, 

STANLEY (Hon. Maude). — Clubs fob 
Working (Sirls. Cr. Bvo. 6t 
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(,Sm undtr Physics, p. 97.) 

SPORT. 
BAKER (Sir Samusl W.).— Wild Beasts 

AND THBIR WaVS .' RbMINISCBMCBS OF 

Europe, Asia, Africa, Ambrica, from 
1845— <8. Illustrated. Ext. cr. 8va X2s.6d. 

CHASSERESSE(D.X— Sporting Skbtchbs. 
Illustrated. Cr. 8vo. ys. 6d. 

EDWARDS-MOSS (Sir J. E., Bart X— A 
Sbason in Sutherland. Cr. Bvo. is. 6d. 

STATISTICS. 

STATESMAN'S YEAR-BOOK, THE. Sta- 
tistical and Historical Annual of the States 
of the W<H-ld for the Year i8oz. Revised after 
Official Returns. Ed. by J. Scott Kbltib. 
Cr. 8vo. xof . 6d. 

SUBOSRT. {S0€ Medicine.) 

SWDCmNG. 

LEAHY fSei^eant). — The Art of Swimming 
IN the Eton Style. Cr. 8vo. u. 

THBOLOOT. 

Tk4 Bible— History of ttu Christian Church— 
The Church of MmgloMd— Devotional Books 
— TheFathers — Hymnology — Sermons, Lec- 
tures, Addresses, and Theological Essays, 

Th« Bible. 

History of the Bible— 
The English Bible; An External and 
Critical History .of the various English 
Translations of Scripture. By Prof. John 
Eadie. a vols. 8vo. a&r. 
The Bible in the Church. By Right Rev. 
Bp. Westcott. loth edit. i8mo. 4^. td. 

Biblical History — 

Bible Lessons. By Rev. E. A. Abboit. 
Cr. 6vo. 4^. td. 

Stories from the Bible. By Rev. A. J. 
Church. lUust. Cr.Svo. a parts. 3J.6</.eacn. 

Bible Readings selected from the Pen- 
tateuch AND the Book of Joshua. 
By Rev. J. A. Cross. G1. 8vo. zr. (>d. 

The Children's Treasury of Bible 
Stories. By Mrs. H. Gaskoin. iSmo. 
\s. each. — Part I. Old Testament ; II. 
New Testament ; III. The Apostles. 

A Class-Book of Old Testament His- 
tory. ByRev.Dr.MACLEAR. z8ma \s.()d, 

A Class-Book of New Testament His- 
tory. By the same. i8mo. 5^. td. 

A Shilling Book of Old Testament 
History. By the same. zSmo. if. 

A Shilling Book of New Testament 
History. By the same. i8mo. xs. 

The Old Testament— 

Scripture Readings for Schools and 
Families. By C. M. Yonge. Globe 8vo. 
xs. td. each : also with comments, 3; . td. 
each. — Genesis to Deuteronomy. — 
Joshua to Solomon. — Kings and the 
Prophets — The GospelTimes. — ^Apos- 
tolic Times. 

The Patriarchs and Lawgivers of the 
Old Testament. By F. D. Maurice. 
. 7th Edit. Cr. 8vo. 4J. td. 

The Prophets and Kings of the Old 
Testament. By the same. Cr. 8vo. 6*. 

Introduction to the History of the 
Canon of the Old Testament. By 
Prof. H. E. Ryle. Cr. 8vo. 



The PenteUeuch — 
An Historico-Critical Inquiry into the 
Origin and Composition of the Hexa- 
Teuch (Pentateuch and Book of 
ToshuaX By Prof. A. KuENEN. Trans, 
by P. H. Wicksteed, M.A. 8vo. Z4f. 

The PsalmsChronologically Arranged. 

By Four Friends. Cr. 8vo. 5^. net. 
Golden Treasury Psalter. Student's 

Edition of the above. z8mo. 3X. 6d. 
The Psalms. With IntroducticHi and Notes. 

By A. C Jennings, M.A., and W. H. 

Lowe, M. A. 2 vols. Cr. 8vo. xos. 6d. each. 
Introduction to the Study and Use of 

the Psalms. By Rev. J. F. Thrupp. 

and Edit, a vol^ 8vo. az«. 

Isaiah — 

Isaiah xl. — lxvi. With the Shorter Pro- 
phecies allied to it. Eldited by Matthew 
Arnold. Cr. 8vo. 5*. 

Isaiah of Jerusalem. In the Authorised 
English Version, with Introduction and 
Notes. By the same. Cr. 8vo. 4^. 6eL 

A Bible-Reading for Schools. -The Great 
Prophecy of Israel's Restoration (Isaiah 
xl.— lxvi.). Arranged and Edited for Young 
Learners. By the same. z8mo. xs. 

Commentary on the Book of Isaiah: 
Critical, Historical, and Prophetical : in> 
eluding a Revised English Translation. 
By T. R. BiRKS. and Edit. 8vo. zax. dd. 

The Book of Isaiah Chronologically 
Arranged. By T. K. Cheyne. O. 
8va js. 6d» 

Zechariah — 
The Hebrew Student's Commentary on 
Zechariah, Hebrew tnd LX.X. By W. H. 
Lowe, M.A. 8vo. zox. 6d. 

The New Testament— 

The New Testament. Essay on the Right 
Estimation of MS. Evidence in the Text 
of the New Testament By T. R. Birks. 
Cr. 8vo. 3*. dd. 

The Mes^ges of the Books. Discourses 
and Notes on the Books of the New Testa- 
ment. By Archd. Farrar. 8vo. 145-. 

The Classical Element in the New 
Testament. Considered as a Proof of its 
Genuineness, with an Appendix on the 
Oldest Authorities used in the Formation 
of the Canon. ByCH.HooLE. 8vo. iof.&^ 

On a Fresh Revision of the English 
New Testament. With an Appendix on 
the last Petition of the Lord's I^yer. By 
Bishop Lightfoot. Cr. 8vo. 7^. td. 

The Unity of the New Testament. By 
F. D. Maurice, a vols. Cr. 8vo. xar. 

A Companion to the Greek Testament 
AND the English Version. By Philip 
ScHAFF, D.D. Cr. 8vo. zaj. 

A General Survey of the History of 
THE Canon of the New Testament 
during the First Four Centuries. By 
Bishop Westcott. Cr. 8vo. zor. 6r/. 

The New Testament in the Original 
Greek. The Text revised by Bishop 
Westcott, D.D., and Prof. F. J. A. 
HoRT, D.D. a vols. Cr. 8vo. xos. 6d, 
each. — Vol. I. Text. — Vol. II. Introduc- 
tion and Appendix. 

School Edition of the above. z8mo, 
4«. 6d. : z8mo, roan, 5^. 6d. ; morocco, a:ilt 
edges, 6s, 6d. 
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Tht Gospels— 

The Common Tradition of the Synoptic 
Gospels. In the Text of the Revised 
Version. By Rev. E. A. Abbott and 
W. G. RusHBROOKE. Or. 8vo. '^. 6d, 

SvNOPTicoN : An Exposition of the Common 
Matter of the Synoptic Gospels. By W. G. 
RusHBROOKE. Printed in Colours. In Six 
Parts, and Appendix. 4to. — Part I. v. td. 
—Parts II. and III. 7*.— Parts IV. V. and 
VI., with Indices,^ 10*. 6d. — Appendices, 
zor. 6d, — Complete in i vol. 35;. 

Introduction to the Study of the Four 
Gospels. ByBp. WESTCOTT.Cr.8vo. xos.6d. 

The Composition of the Four Gospels. 
By Rev. Arthur Wright. Cr. 8vo. 5*. 

Gospel of St. Matthew— 
The Greek Text, with Introduction and 

Notes by Rev. A. Sloman. Fcp.8vo. 2j.6</. 
Choice Notes on St. Matthew. Drawn 

from Old and New Sources. Cr. 8vo. 4^ . 6d. 

(St. Matthew and St. Mark in i vol. qs.) 

Gospel 0/ St, Mark— 

School Readings in the Greek Testa- 
ment. Bein^ the Outlines of the Life of 
our Lord as given by St Mark, with addi- 
tions from the Text of the other Evange- 
lists. Edited, with Notes and Vocabulary, 
by Rev. A. Calvert, M. A. Fcp. 8vo. 2j.6a. 

Choice Notes on St. Mark. Drawn from 
Old and New Sources. Cr. 8vo. 4X. td. 
(St. Matthew and St. Mark in i vol. 9^.) 

Gospel o/St. Luke— 
Greek Text, with Introduction and Notes 

by Rev. J. Bond, M. A. Fcp. 8vo. 2J. 6d. 
Choice Notes on St. Luke. Drawn from 

Old and New Sources. Cr. 8vo. 4X. 6d. 
The Gospel of the Kingdom of Heaven. 

A Course of Lectures on the Gospel of St. 

Luke. By F. D. Maurice. Cr. 8vo. (a. 

Gospel of St, John — 

The Gospel of St. John. By F. D, 
Maurice. 8th Ed. Cr. 8vo. ts. 

Choice Notes on St. John. Drawn from 
Old and New Sources. Cr. 8vo. 4^. td. 

The Acts of the Apostles— 

Greek Text, with Notes by T. E. Page, 
M.A. Fcp. 8vo. 3J. td. 

The Church of the First Days : The 
Church of Jerusalem, The Church of 
THE Gentiles, The Church of the 
World. Lectures on the Acts of the 
Apostles. By Very Rev. C. J. Vaughan. 
Cr. 8vo. lof . td. 

The Epistles of St, Paul-~ 

The Epistle to the Romans. The 
Greek Text, with English Notes. By the 
Very Rev. C. J. Vaughan. 7th Edit. 
Cr. 8vo. 7*. td. 

The Epistles to the Corinthians. Greek 
Text, with Commentary. By Rev. W. 
Kay. 8vo. 9^. 

The Epistle to the Galatians. A 
Revised Text, with Introduction, Notes, 
and Dissertations. By Bishop Lightfoot. 
loth Edit. 8vo. Z2j. 

The Epistle to the Philippians. A 
Revised Text, with Introduction, Notes, 
and Dissertations. By the same. 8vo. \is. 



The EpistUs of St. Paul— 

The Epistle to the Philippians. With 
Translation, Paraphrase, and Notes for 
English Readers. By the Very Rev. C. J. 
Vaughan. Cr. 8vo. 5*. 

The Epistles to the Colossians and 
TO Philemon. A Revised Text, with In- 
troductions, etc. By Bishop Lightfoot.. 
9th Edit. 8vo. ZM. 

The Epistles to the Ephesians, thbl 
Colossians, and Philemon. With In> 
troduction and Notes. By Rev. J. LL 
Davies. and Edit. 8vo. is. 6d, 

The First Epistle to the Thessalo- 
NiANS. By Very Rev. C J. Vaughan. 
8vo, sewed, is, 6d. 

The Epistles to the Thbssalonians. 
Commentary on the Greek Text. By Prof.. 
John Eadib. 8vo. las. 

The Epistle of St. James— 
The Greek Text, with Introduction andr 
Notes. By Rev. Joseph Mayor. 8vo. 

The Epistles of St, Johfir- 
The Epistles of St. John. By F. D. 

Maurice. 4th Edit. Cr. 8vo. €s. 
— The Greek Text, with Notes, by Bishopi 

Westcott. and Edit. 8vo. zzr. td. 

The Epistle to the Hebrews— 

Greek and English. Ekiited by Rev.. 
Frederic Rendall. Cr. 8vo. ts, 

English Text, with Commentary. By the- 
same. Cr. 8vo. ^s. 6d, 

The Greek Text, with Notes, by Very- 
Rev. C. J. Vaughan. Cr. 8vo. ns. 6d. 

The Greek Text, with Notes and Essays,, 
by Bishop Westcott. 8vo. Z4J. 

Revelation — 

Lectures on the Apocalypse. By F. D.- 
Maurice, and Edit. Cr. 8vo. 6s. 

The Revelation of St. John. By Rev., 
Prof. W. MiLLiGAN. Cr. 8vo. ^s. 6d. 

Lectures on the Revelation of St., 
John. By Very Rev. C. J. Vaughan. 
5th Edit. Cr. 8vo. los. 6d. 



The Bible Word-Book. By W. Aldis. 
Wright, and Edit. Cr. 8vo. 7;. 6d. 

History of the ClirlBtlan Ghnrch. 

CHURCH (Dean).— The Oxford Move- 
ment, 1833 — 45. 8vo. 12s. 6d. net. 

CUNNINGHAM (Rev. John).— TheGrowth 
OF THE Church in its Organisation and« 
Institutions. 8vo. 9*. 

CUNNINGHAM (Rev. William). — The 
Churches of Asia : A Methodical Sketch 
of the Second Century. Cr. 8vo. 6s. 

DALE (A. W. W.).— The Synod of Elvira^ 
AND Christian Life in the Fourth Cen- 
tury. Cr. 8vo. zof. 6d, 

HARDWICK (Archdeacon).— A History of- 
the Christian Church: Middle Age. 
Edited by Bp. Stubbs. Cr. 8vo. 10s. 6d. 

A History of the Christian Church 

DURING THE REFORMATION. 9th Edit., r^- 

vised by Bishop Stubbs. Cr. 8vo. zof. 6d 
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THEOLOGY. 
HlBtory of tlie Clirlstian Chxach—<oMtd. 

HORT(Dr. F. J. A.).— Two Dissertations. 
I. On MONOr£NH2 eE02 in Scripture 
AND Tradition. II. On the " Const an- 
tinopolitan '* Crebd and other Eastern 
Creeds op the Fourth Century. 8vo. 
7^ . 6ii, 

KILLEN (W. D.).— Ecclesiastical His- 
TORY OF Ireland, from the Earliest 
Date to the Present Time. 2 vols. 
8vo. a5x. 

SIMPSON (Rev. W.).— An Epitome of the 
History of the Christian Church. 7th 
Edit. Fcp. 8vo. 3^. 6d. 

VAUGHAN (Very Rev. C. J.).— The Church 
or the First Days: The Church of 
Jerusalem, The Church of the Gen- 
tiles, The Church of the World. Cr. 
8vo. zor. 6d. 

WARD (W.). — William George Ward and 
the Oxford Movement. 8vo. 14^. 

The Charoh of England. 

Catechism of— 

A Class-Book of the Catechism of 

the Church of England. By Rev. Canon 

Maclear. iSmo. \s. 6d. 
A First Class-Book of the Catechism 

of the Church of England. By the 

same. zSmo. 6^. 
The Order of Confirmation. With 

Prayers and Devotions. By the same. 

32mo. 6d. 

>ColUcts — 

Collects of the Church of England. 
With a Coloured Floral Design to each 
Collect. Cr. 8vo. i2j. 

jyisestablishmen t — 

Disestablishment and Disendowment. 
What are they? By Prof. E. A. Free- 
man. 4th Edit Cr. 8vo. is. 

Disestablishment ; or, A Defence of the 
Principle of a National Chiurch. By Geo. 
Harwood. 8vo. I2J. 

A Defence of the Church of England 
against Disestablishment. By Roun- 
dell. Earl of Selborne. Cr. 8vo. sj . Sd. 

Ancient Facts and Fictions concerning 
Churches and Tithes. By the same. 
Cr. Bva ^s. 6d. 

•Dissent in its Relation to — 

Dissent in its Relation to the Church 
of England. By Rev. G. H. Curteis. 
Bampton Lectures for 1871. Cr. 8vo. js.Sd. 

jHoly Communion — 

The Communion Service from the Book 
OF Common Prayer. With Select Read- 
ings from the Writings of the Rev. F. D. 
Maurice. Eklited t^ Bishop Colenso. 
6th fidit. z6mo. sx. 6^. ^ 

Before the Table : An Inquiry, Historical 
and Theological, into the Meaning of the 
Consecration Rubric in the Communion 

. Service of the Church of England. By 
Very Rev. J. S. Howson. 8vo. 7*. (id. 

First Communion. With Prayers and De- 
vodons for the newly Confirmed. By Rev. 
Canon Maclear. 33mo. (id. 
Jl Manual of Instruction for Confir- 
mation AND First Communion. With 
Prayers and Devotions* By the same. 
3ama m. 



Liturf^ — 

An introduction to the Creeds. By 
Rev. Canon Maclear. i8mo. 3^. td. 

An Introduction to the Thirty-Nink 
Articles. By same. i8mo. \In the Press.. 

A History of the Book of Common 
Prayer. By Rev F. Procter. x8th 
Edit. Cr. 8vo. lof. dd. 

An Elementay Introduction to the 
Book of Common Prayer. By Rev. F. 
Procter and Rev. Canon Maclear. 
i8mo. ax. dd. 

Twelve Discourses on Subjects con- 
nected with the Liturgy and Wor- 
ship OF the Church of England. By 
Very Rev. C. J. Vaughan. Fcp. 8vo. 6*. 

A Companion to the Lection ary. By 
Rev. W. Benham, B.D. Cr. 8vo. 4*. 6*. 



Judgment in the Case of Read and 
Others w. the Lord Bishop of Lincoln. 
Nov. 21, z8qo. By his Grace the Arch- 
bishop of Canterbury. 8vo. xs. 6d. neL 

Devotional Books. 

EASTLAKE (Lady). — Fellowship: Let- 
ters ADDRESSED TO MY SiSTER-MoURNERS. 

Cr. 8vo. as. 6d. 

IMITATIO CHRISTI. Libri IV. Printed 
in Borders after Holbein, Durer, and other 
old Masters, containing Dances of Death, 
Acts of Mercy, Emblems, etc. Cr.Svo. "js.Sd. 

KINGSLEY (Charles).— Out of the Deep: 

Words for the Sorrowful. From the 

Writings of Charles Kingsley. Ext. fcp. 

8vo. 3X. 6d. 
Daily Thoughts. Selected from the 

Writings of Charles Kingsley. By His 

Wife. Cr. 8vo. 6s. 
From Death to Life. Fragments of 

Teaching to a Village Congregation. Eklit. 

by His Wife. Fcp. Bvo. 2J. 6d. 

MACLEAR (Rev. Canon).— A Manual of 
Instruction for Confirmation and 
First Communion, with Prayers and 
Devotions, ^amo. 2J. 

The Hour of Sorrow ; or, The Office 

for the Burial of the Dead. 32mo. zx. 

MAURICE (F. D.).— Lessons of Hope. 
Readings from the Works of F. D. Maurice. 
Selected by Rev. J. Ll. Davies, M.A. Cr. 
8vo. 5x. 

RAYS OF SUNLIGHT FOR DARK DAYS. 
With a Preface by Very Rev. C. J. Vaughan. 
D.D. New Edition. i8mo. 3X. 6d. 

SERVICE (Rev. J.).— Prayers for Public 
Worship. Cr. 8vo. 4x. 6d. 

THE WORSHIP OF GOD, AND FEL- 
LOWSHIP AMONG MEN. By Prof. 
Maurice and others. Fcp. 8vo. 3X. 6d. 

WELBY-GREGORY (Hon. Lady).— Links 
AND Clues, and Edit. Cr. 8vo. 6x. 

WESTCOTT (Rt. Rev. Bi&hop).>-THOUGHTS 
ON Revelation and Life. Selections from 
the Writings of Bishop Westcott. Edited 
by Rev. S. Phillips. Cr. 8vo. 6x. 

WIL6RAHAM (Francb M.).— In the Sere 
AND Yellow Leaf : Thoughts and Re- 
collections FOR Old and Young. Globe 
Bvo. 3X. 6d. 



THE FATHERS— SERMONS, LECTURES, Etc. 
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The Fathers. 

DONALDSON (Prof. James).— The Apos- 
tolic Fathers. A Cntical Account of their 
Genuine Writings, and of their Doctrines, 
and Edit. Cr. 8vo. 7^ . 6d, 

Works of the Grttk and LoHn Fathers : 

The Apostolic Fathers. Revised Texts, 

vrith Introductions, Notes, Dissertations, 

and Translations. By Bishop Lightfoot. 

— Part I. St. Clement of Rome. 2 vols. 

8vo. 3M. — Part II. St. Ignatius to St. 

POLVCARP. 3 vols, and Edit 8vo. 48*. 

The Apostoijc Fathers. Abridged Edit. 

With Short Introductions, Greek Text, and 

English Translation. By same. 8vo. x(a. 

The Epistle of St. Barnabas. Its Date 

and Authorship. With Greek Text, Latin 

Version, Translation and Commentary. B 



itary. dv 
. 7^ . to. 



Rev. W. Cunningham. Cr. 8vo, 



Hsonnology. 

BROOKE (S. A.).— Christian Hymns. G1. 
8vo. 2f . net. — Christian Hymns and Ser- 
vice Book of Bedford Chapel, Blooms- 
bury. Gl. 8vo. 3*. net. — Service Book. 
Gi. 8vo. \s. net. 

PALGRAVE (Prof. F. T.). — Original 
Hymns. 3rd Edit. z8mo. ij. 6d. 

SELBORNE (Roundell, Earl of).— The Book 

of Praise. i8mo. 2j. 6d. net. 
A Hymnal. Chiefly from " The Book of 

Praise." — A. Royal 32mo, limp. td. — B. 

z8mo, larger type. is.—C. Fine paper. i.s.6d. 

— With Music, Selected, Harmonised, and 

Composed by John HuLLAH. i8mo. y.dd. 

WOODS (Miss M. A.).— Hymns for School 
Worship. i8mo. is. td. 

Sermons, LectnreB, Addresses, and 
Theological Essays. 

ABBOT (F. E.).— Scientific Theism. Cr. 

8vo. js. 6d. 
The Way out of Agnosticism ; or. The 

Philosophy of Free Religion. Cr. 8vo. 4^. 6d, 

ABBOTT (Rev. E. A.).— Cambridge Ser- 
mons. 8vo. dr. 
Oxford Sermons. 8vo. 7J. 6d, 

Philomythus. a discussion of Cardinal 

Newman's Essay on Ecclesiastical Miracles. 
Cr. 8vo. 3^ . 6d. 

Newmanianism. Cr. 8vo. if. net. 

AINGER (Canon). — Sermons Preached in 
the Temple Church. Ext. fcp. 8vo. dr. 

ALEXANDER (W., Bishop of Deny and 
Raphoe). — The Leading Ideas of the 
Gospel. New Edit. Cr. 8vo. 

BAINES (Rev. Edward).— Sermons. With a 
Preface and Memoir by Bishop Barry, 
Cr. 8vo. ts. 

BARRY (Bishop).— First Words in Austra- 
lia : Sermons. Cr. 8vo. 5^. 

BATHER (Archdeacon).— On Some Minis- 
terial Duties, Catechising, Preaching, 
Etc Edited, with a Preface, by Very Rev. 
C J. Vaughan, D.D. Fcp. 8vo. 4^. 6d. 

BETHUNE-BAKER Q. F.X— The Inflo- 
BNCB OF Christianity on War. 8vo. 5*. 

TheSternness OF Christ's Teaching, 

and its Relation to the Law of For- 

GIVBNBSS. Cr. BVO. 3X. 6d, 



BINNIE (Rev. W.).— Sermons. O. Svo. ts. 

BIRKS (Thomas Rawson).— The Difficul- 
ties OF Belief in Connection with the 
Creation and the Fall, Redemption, 
AND Judgment. 2nd Edit. Cr. Svo. 5<. 

Justification^ and Imputed Right- 
eousness. A Review. Cr. 8yo. ts. 

Supernatural Revelation; or, First 

Principles of Moral Theology. Svo. &r. 

BROOKE (S. A.).— Short Sermons. Cr. Svo. 

BROOKS (Bishop Phillips).— The Candle of 
the Lord : and other Sermons. Cr. Svo. dr. 

Sermons Preached in English 

Churches. Cr. Svo. (a. 

Twenty Sermons. Cr. Svo. dr. 

Tolerance. Cr. Svo. 2j. 6d, 

The Light OF THE World. Cr.Svo. ^s.td. 

BRUNTON (T. Lauder).— The Bible and 
Science. Illustrated. Cr. Svo. xos. 6d. 

BUTLER (Archer). — Sermons, Doctrinal 
AND Practical, xith Edit. Svo. &r. 

' Second Series of Sermons. Svo. 7s. 

Letters on Romanism. 8vo. lar. 6d. 

BUTLER (Rev. Geo.). — Sermons Preached 
IN Cheltenham Coll. Chapel. Svo. 7s. 6d. 

CALDERWOOD (Rev. Prof.).— The Rela- 
TiONS OF Science and Religion. Cr.Svo. sr 
The Parables OF OUR Lord. Cr.Svo. 6* 

CAMPBELL (Dr. John M'Leod).— The Na- 
ture OF THE Atonement. Cr. Svo. dr. 

Reminiscences and Reflections. 

Edited by his Son, Donald Campbell, 
M.A. Cr. Svo. 7 J. 6d. 

Thoughts on Revelation. Cr. Svo. 51. 

Responsibility for the Gift of 

Eternal Life. Compiled from Sermons 
preached 1S29 — 31. Cr. Svo. 5*. 

CANTERBURY (Edward White, Archbishop 
oQ. — BoY-LiFE : its Trial, its Strength, 
its Fulness. Sundays in Wellington Col» 
lege, 1859—73. Cr. Svo. dr. 

The Seven Gifts. Primary Visitation 

Address. Cr. Svo. 6s. 

Christ and His Times. Second Visi- 
tation Address. Cr. Svo. 6s. 

A Pastoral Letter to the Diocese 

OF Canterbury, zSqc Svo, sewed, id. 

CARPENTER (W. Boyd, Bishop of Ripon).— 
Truth in Tale. Addresses, chiefly to 
Children. Cr. Svo. 4;. 6d. 

The Permanent Elements of Re- 
ligion. 2nd Edit. Cr. Svo. dr. 

CAZENOVE (J. Gibson).— Concerning the 
Being and Attributes of God. Svo. 5^. 

CHURCH (Dean). — Human Life and its 
O)NDITI0NS. Cr. Svo. 6*. 

The Gifts of Civilisation : and other 

Sermons and Letters. Cr. Svo. 7; . 6d. 

Discipline of the Christian Char- 
acter ; and other Sermons. Cr. 8vo. 4^ . 6d. 

Advent Sermons,iS85. Cr. Svo. 4s. 6d. 

Village Sermons. (Jr. Svo. 

CLERGYMAN'S SELF-EXAMINATION 
CONCERNING THE APOSTLES' 
CREED. Ext. fcp. Sva is. 6d. 

CONGREVE (Rev. John). — High Hopes 
and Pleadings for a Reasonable Faith, 
Nobler Thoughts, and Larger Charity 
Cr. Svo. ss. 
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THEOLOOT. 

Sennoiui. Lectnres, Addresias, And 

Theological BMMByB—contmittd. 

COOKE (Josiah P., jun.).— Rbligion and 
Chemistry. Cr. 8vo. js. td, 

COTTON (Bishop).— Sermons preached to 
English Congregations in India. Cr. 
8vo. ^s, (>d. 

CUNNINGHAM (Rev. W.). — Christian 
Civilisation, with Special Rbperbncb 
to India. Cr. 8vo. 5*. 

CURTEIS (Rev. G. H.).— The Scientific 
Obstacles to Christian Belief. The 
Boyle Lectures, 1884. Cr. 8vo. &r. 

DAVIES (Rev. J. Llewelyn).— The Gospel 
AND Modern Life. Ext. fcp. 8vo. dr. 

Social Questions from the Point of 

View OF Christian Theology. Cr.8vo. ts. 

Warnings against Superstition. Ext. 

fcp. SVO. 2S. 6d. 

— - The Christian Calling. Ext.fp.8vo. 6*. 
Order and Growth as Involved in 

the Spiritual Constitution of HOman 

Society. Cr. 8vo. 3*. 6d. 
Baptism, Confirmation, and the 

Lord's Supper. Addressee. x8mo. \s. 

DIGGLE (Rev. J. W.).— Godliness and 
Mani iness. Cr. 8vo. &r. 

DRUMMOND (Prof. Jas.).— Introduction 
to the Study of Theology. Cr. 8vo. 5*. 

ECCE HOMO : A Survey of the Life and 
Work of Jesus Christ. Globe 8vo. 6*. 

ELLERTON (Rev. John).— The Holiest 
Manhood, and its Lessons for Busy 
Lives. Cr. 8vo. ts. 

FAITH AND CONDUCT: An Essay on 
Verifiable Religion. Cr. 8vo. 7^. 6d. 

FARRAR (Ven. Archdeacon).— Works. Uni- 
/oTPn Edition. Cr. 8vo. 3*. &/. each. 
Monthly from December, 1891. 

Seekers after God. 

Eternal Hope. Westminster Abbey 
Sermons. 

The Fall. of Man : and other Sermons. 

The Witness of History to Christ. 
Hulsean Lectures, 1870. 

The Silence and Voices of God: Ser- 
mons. 

In the Days of Thy Youth. Marlborough 
College Sermons. 

Saintly Workers. Five Lenten Lectures. 

Ephphatha ; or, The Amelioration of the 
World. 

Mercy and Judgment. 

Sermons and Addresses delivered in 

America. 
The History of Interpretation. 

Bampton Lectures, 1885. 8vo. i6f. 

FISKE (John).— Man's Destiny Viewed in 
the Light of his Origin. Cr. 8vo. 3*. 6</. 

FORBES (Rev. Granville).— The Voice of 
God in the Psalms. Cr. 8vo. dr. td. 

FOWLE (Rev. T. W.).— A New Analogy 
between Revealed Religion and the 
Course and Constitution of Nature. 
Cr. 8vo. dr. 

ERASER (BishopX— Sermons. Edited by 
Tohn W. Digglb. 3 vols. Cr. 8vo. dr. each. 



HAM I LTON (JohnX -On Truth and Error. 

Cr. 8vo. 5*. 
Arthur's Seat ; or, The Church of the 

Banned. Cr. 8vo. dr. 

Above and Around : Thoughts on God 

and Man. zamo. u. td. 

HARDWICK (Archdeacon).— Christ and 
other Masters. 6th Edit. Cr. 8vo. xor.6</. 

HARE (Julius Charles).— The Mission op 
THE Comforter. New Edition. EUlited 
by Dean Plumptre. Cr. 8vo. 7^. 6^. 

The Victory of Faith. Edited by- 
Dean Plumptre. With Notices by Pr<M. 
MAURiCEand Dean Stanley. Cr.8vo. dr.6</. 

HARPER (Father Thomas).— The Meta- 
physics OF THE School. Vols. I. and II. 
8vo. i8j. each. — Vol. III. Part I. 12*. 

HARRIS (Rev. G. C.).— Sermons. With a 
Memoir by C. M. Yonge. Ext. fcp. 8vo. 6«. 

HUTTON (R. H. ). (JSee Collected Works, 
p. 21.) 

ILLINGWORTH (Rev. J. R.).— Sermons 
preached in a College Chapel. Cr.8va 5«. 

JACOB (Rev. J. A.). — Building in Silence : 
and other Sermons. Ext. fcp. 8vo. ts. 

JAMES (Rev. Herbert). — The Country 
Clergyman and his Work. Cr. 8vo. ts. 

JEANS (Rev. G. E,).— Haileybury Chapel : 
and other Sermons. Fcp. 8vo. 3X. 6</. 

JELLETT (Rev. Dr.).— The Elder Son: 

and other Sermons. Cr. 8vo. ts. 
The Efficacy of Prayer. Cr. 8vo. 5*. 

KELLOGG (Rev. S. H.).— The Light ok 
Asia and the Light of the World. Cr. 
8vo. 7 J. 6</. 

KINGSLEY (Charles). (.S*** Collected 
Works, p. 21.) 

KIRKPATRICK (Prof).— The Divine Li- 
brary OF THE Old Testament. Cr. 8vo, 
3^. net. 

KYNASTON (Rev. Herbert, D.D.).— Chel- 
tenham College Sermons. Cr. 8vo. ts. 

LEGGE (A. O.).— The Growth of the Tem- 
poral Power of the Papacy. Cr.8vo. Zs.td.^ 

LIGHTFOOT (Bishop).— Leaders in thb 
Northern Church : Sermons. Cr. 8vo. dr. 

Ordination Addresses and Counsels 

TO Clergy. Cr. 8vo. 6j. 

Cambridge Sermons. Cr. 8vo. 6*. 

Sermons preached in St. Paul's 

Cathedral. Cr. 8vo. dr. 

Sermons ON Special Occasions. 8vo. 6*. 

A Charge delivered to the Clergy 

OF the Diocese OF Durham, z886. 8^o. 2x. 

Essays on the Work entitled " Su- 
pernatural Religion." 8vo. xor. td. 

On a Fresh Revision of the English 

New Testament. Cr. 8vo. ^5, 6d. 

MACLAREN (Rev. A.). — Sermons prbachbi> 

at Manchester, nth Ed. Fcp.8vo. ^,6d. 

Second Series, 7th Ed. Fcp. 8vo 4*. (td. 

Third Series. 6th Ed. Fcp. 8vo. 4^.6^ 

Week-Day Evening Addresses. 4th 

Edit. Fcp. 8vo. ar. dd. 
— — The Secret of Power : and other Ser- 
mons. Fcp. 8vo. 4r. 6d. 
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MACMILLAN (Rev. Hugh).— Bible Teach- 
ings in Nature. 15th Edit. Globe 8vo. 6s. 

— — The True Vine ; or, The Analogies of 
our Lord's Allegory. 5th Edit. Gl 8vo. 6s. 

The Ministry of Nature. 8th Edit. 

Globe 8vo. 6s. 

The Sabbath of the Fields. 6th 

Edit. Globe Bvo. 6s. 

The Marriage in Cana. Globe 8vo. 6*. 

Two Worlds are Ours. Gl. 8vo. 6s. 

— — The Olive Leaf. Globe 8vo. 6s. 

The Gate Beautiful : and other Bible 

Teachings for the Young. Cr. 8vo. .v. 6d. 

MAHAFFY (Prof. J. P.).— The Decay of 
Modern Preaching. Cr. 8vo. 3^. 6d. 

MATURIN (Rev. W.).— The Blessedness 
OF THE Dead in Christ. Cr. 8vo. 7s. 6d. 

MAURICE (Frederick Denison).— The King- 
dom of Christ. 3rd Ed. 2 vols. Cr. 8vo. I2J. 

Expository Sermons on the Prayer- 

BooK, AND THE Lord's Prayer. Cr.Svo. 6*. 

Sermons Preached in Country 

Churches. 2nd Edit. Cr. 8vo. 6s. 

The Conscience : Lectures on Casuistry. 

3rd Edit. Cr. 8vo. 4^. 6d. 

Dialogues on Family Worship. Cr. 

8vo. 4J. 6d. 

The Doctrine of Sacrifice Deduced 

FROM THE Scriptures. 2nd Edit. Cr.Svo. 6s. 

The Religions of the World. 6th 

Edit. Cr. 8vo. 4^. 6d. 

On THE Sabbath Day ; The Character 

OF THE Warrior ; and on the Interpret 
tation of History. Fcp. 8vo. ar. 6d. 

Learning AND Working. Cr.Svo. j^.6d. 

The Lord's Prayer, the Creed, and 

THE Commandments. iSmo. \s. 

Theological Essays. Cr. Svo. 6*. 

Sermons Preached in Lincoln's Inn 

Chapel. 6 vols. Cr. Svo. 3;. 6d. each. 
Monthly, from Oct. iSgi. 

MILLIGAN (Rev. Prof. W.).— The Resur- 
RECTiON OF OUR Lord. 2nd Edit Cr.Svo. $s, 

MOORHOUSE (J., Bishop of Manchester).— 
Jacob: Three Sermons. Ext. fcp. Zvo.%s.6d. 

— - The Teaching of Christ: its (;ondi- 
tions, Secret, and Results. Cr. Svo. y. net. 

MYLNE (L. G., Bishop of BombayX — 
Sermons Preached in St. Thomas's 
Cathedral, Bombay. Cr. Svo. 6s. 

NATURAL RELIGION. By the Author of 
" Ecce Homo." 3rd Edit Globe Svo. 6*. 

PATTISON (Mark).— Sermons. Cr.Svo. 6*. 

PAUL OF TARSUS. Svo. 10*. 6d. 



PHILOCHRISTUS : 

CIPLB OF THE LoRD. 



Memoirs of a Dis- 
3rd. Edit. Svo. 13^. 

PLUMPTRE (Dean).— Movements in Re- 
ligious Thought. Fcp. Svo. 3^. 6d, 

POTTER (R.).— The Relation of Ethics 
to Religion. Cr. Svo. zr. 6d. 

REASONABLE FAITH : A Short Essay 
By " Three Friends." Cr. Svo. rs. 

REICHEL (C. P., Bishop of Meath).— The 
Lord's Prayer. Cr. Svo. js. 6d. 

Cathedral and University Sermons. 

Cr. Svo. 6s. 

RENDALL (Rev. F.).— The Theology of 
the Hebrew Christians. Cr. Svo. 5^. 



REYNOLDS (H. R.).— Notes of the Chris- 
tian Life. Cr. Svo. 7*. 6d. 

ROBINSON (Prebendary H. G.).— Man in 
the Image of God: and other Sermons. 
Cr. Svo. 7*. 6d. 

RUSSELL (Dean).— The Light that Lighi • 
eth every Man : Sermons. With an Intrc 
ductionbyDeanPLUMPTRE,D.D. Cr.Svo. o* 

SALMON (Rev. George, D.D.).— Non-Mik 
ACULOus Christianity : and other Sermou:*. 
2nd Edit. Cr. Svo. 6s. 

Gnosticism and Agnosticism : and 

other Sermons. Cr. Svo. 7;. 6d. 

SCOTCH SERMONS, 188a By Principal 
Caird and others. 3rd Edit. Svo. los. 6d. 

SERVICE (Rev. J.).— Sermons. Cr.Svo. 6s. 

SHIRLEY (W. N.).— Elijah : Four Univer- 
sity Sermons. Fcp. Svo. 2j. 6d. 

SMITH (Rev. Travers).— Man's Knowledge 
OF Man and of God. Cr. Svo. 6s. 

SMITH (W. Saumarez).— The Blood of the 
New Covenant : An Essay. Cr. Svo. 2s. 6d. 

STANLEY (Dean).-THE National Thanks- 
GIVING. Sermons Preached in Westminster 
Abbey. 2nd Edit. Cr. Svo. 2;. 6d. 

Addresses and Sermons delivered in 

America, 1878. Cr. Svo. 6s. 

The Athanasian Creed. Cr. 8vo. 2j. 

STEWART (Prof. Balfour) and TAIT (Prof. 
P. G.).— The Unseen Universe, or Phy- 
sical Speculations on a Future State. 
15th Edit. Cr. Svo. 6*. 

Paradoxical Philosophy : A Sequel to 

the above. Cr. Svo. js. 6d. 

STUBBS (Rev. C. W.).— For Christ anp 
City.' Sermons and Addresses. Cr. Svo. 6s, 

TAIT (Archbp.).— The Present Condition 
OF the Church of England. Primary 
Visitation Charge. 3rd Edit. Svo. 3^. 6d. 

Duties of the Church of England. 

Second Visitation Addresses. Svo. 4^. 6d. 

The Church of the Future. Quad- 
rennial Visitation Charges. Cr. Svo. 31. 6d. 

TAYLOR (Isaac).— The Restoration of 
Belief. Cr. Svo. Sj. 6d. 

TEMPLE (Frederick, Bishop of London).— 
Sermons Preached in the Chapel of 
Rugby School. Ext. fcp. Svo. 4;. 6d. 

Second Series. Ext. fcp. Svo. 6s. 

Third Series. 4th Edit. ExLfcp.Svo. 6*. 

The Relations Between Religion 

and Science. Bampton Lectures, 1S84. 
7th and Cheaper Edition. Cr. Svo. 6s. 

TRENCH (Archbishop). — The Hulsean 
Lectures for 1845—6. Svo. 7*. 6d. 

TULLOCH (Principal).— The Christ of the 
Gospels and the Christ of Modern 
Criticism. Ext. fcp. Svo. 4r. 6d. 

VAUGHAN (C. J., Dean of Landaff).— Mb- 
morials of Harrow Sundays. Svo. \os.6d* 

- Epiphany, Lent,and Easter. Svo. ios.6d. 

Heroes OF Faith. 2nd Edit. Cr.Svo. 6*. 

Words from the Gospels. 3rd Ekiit. 

Fcp. Svo. 4r. 6d. 
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THBOLOOT. 
ItnnoBii LootuTM* AddrotsMy uul 
"* Tlieologleal EuauM—cimtinmtL 

VAUGHAN (Dr. C. JA— Life's Work and 
God's Discipline. Ext. fcp. 8va w. 6d, 

— • The Wholesome Words op Jesus 
Christ, and Edit Fcp. 8vo. y. 6d, 

Fobs OP Faith, and Edit Fq>.8vo. y.6d. 

^— Christ Satisfying the Instincts op 
Humanity, and Edit £xtfci».8vo. y,6d, 

Counsels for Young Students. Fcp. 

8vo. a/. 6d, 

-'— The Two Great Temptations, and 
Edit Fcp. 8vo. 31. 6il, 

— — Addresses for Young Clergymen. 
Ext fcp. 8vo. 4s. 6d, 

^— ••My Son, Give Mb Thinb Heart.*' 
Ext fcp. 8vo. 5f. 

— — Rest Awhile. Addresses to Toilers in 
the Ministry. Ext fcp. 8vo. 51. 

— — Temple Sermons. Cr. 8vo. lof. 6d, 

— — Authorised or Revised? Sermons on 
some of the Texts in which the Revised Ver- 
sion differs from the Authorised. Cr. 8vo. 
7t.6d, 

— ~ Lessons of the Cross and Passion ; 
Words from the Cross; The Reign of 
Sin ; The Lord's Prayer. Four Courses 
of Lent Lectures. Cr. 8vo. xof . 6d. 

University Sermons, New and Old. 

Cr. 8vo. jos.6d, 

Notes for Lectureson Confirmation. 

14th Edit Fcp. 8vo. is. 6d. 

VAUGHAN (Rev. D. T.X—The Present 
Trial of Faith. Cr. 8vo. 9*. 

VAUGHAN (Rev. £. T.>— Somb Reasons of 
OUR Christian Hope. Hulsean Lectures 
for 1875. Cr. 8vo. 6s. 6d. 

VAUGHAN (Rev. Robert).— Stones from 
the Quarry. Sermons. Cr. 8vo. 5^. 

VENN (Rev. John). — On some Character- 
istics OF Belief, Scientific, and Re- 
ligious. Hulsean Lectures, 1869. 8va 6s.6d. 

WARINGTQN (G.X— The Week of Crea- 
tion. Cr. 8va 4^ . 6el. 

WELLDON(Rev. j. E. C.).— The Spiritual 
Life : and other Sermons. Cr. 8vo. 6s. 

WESTCOTT(Rt Rev. B. F., Bishop of Dur- 
ham).— On the Religious Office of the 
Universities. Sermons. Cr. 8vo. 4^. 6d. 

— ^ Gifts for Ministry. Addresses to Can- 
didates for Ordination. Cr. Svo. is. 6d. 

— — The Victory of the Cross. Sermons 
Preached in x888. Cr. Svo. y. 6d. 

From Strength to Strength. Three 

Sermons(InMemoriamJ.B.D.). Cr.8vo. af. 

— — The Revelation of the Risen Lord. 
4th Edit O. 8vo. 6s. 

The Historic Faith. Cr. 8vo. 6*. 

— — The Gospel of the Resurrection. 
6th Edit. Cr. Svo. 6s. 

The Revelation of the Father. Cr. 

Svo. 6s. 

Christus Consummator. Cx. Svo. 6*. 

Some Thoughts from the Ordinal. 

Cr. Svo. IS. 6eL 

Social Aspects of Christianity. Cr. 

Svo. 6s. 

--— Essays in the History of Religious 
Thought in the West. Globe Svo. 6s. 

WriCKHAM (Rev. E. C).— Wellington 
College Sermons. Cr. Svo. 6s. ■ 



WILKINS (Prof. A. S.).— The Light of tkk 
World: An Essay, and Ed. Cr.Svo. y.6d 

WILSON Q. M., Archdeacon of ManchesterX 
— Sermons Preached in Clifton Collbgb 
Chafbu Second Series. 1888—90. Cr. 
8va 6s, 

Essays AND Addresses. Cr.Svo. ^.td. 

Some Contributions to the Religious 

Thought of our Time. Cr. Svo. 6s. 

WOOD (Rev. E. G.).— The Regal Power 
op the Church. Svo. 4s. 6d. 

TRANBULTIONS. 

From the Greek— From the Italian— From the 
iMtm—Into Latin and Greek Verse. 

From Xb» Oreek. 

AESCHYLUS.— The Supplices. With Trans- 
lation, by T. G. Tucker, Litt.D. Sva ios.6d. 

The Seven against Thebes. With 

Translation, by A. W. Verrall, litt. D. 
Svo. 7^ . 6d. 

Eumenides. With Verse Translation^ 

by Bernard Drake, M.A. Svo. 5«. 

ARATUS. {^See Physiography.) 

ARISTOPHANES.— The Birds. Trans, into 
English Verse, by B. H. Kennedy. Svo. 6s. 

ARISTOTLE ON FALLACIES; or, Thk 
Sophistici Elenchi. With Translation, by 
E. PosTE, M.A. Svo. Sj. 6d, 

ARISTOTLE.— The First Book of thh 
Metap#<ysics of Aristotle. By a Cam- 
bridge Graduate. Svo. u. 

The Politics. By J. E. C Welldok^ 

M.A. 10s. 6d. 

The Rhetoric. By same. Cr.Svo. 7«.6MfL 

On the Constitution of Atmbns. 

By E. Poste. Cr. Svo. 3*. 6d. 

BION. (^^# Theocritus.) 

HERODOTUS.— The History. By G. C 
Macaulay, M.A. a vols. Cr. Svo. x&». 

HOMER.— The Odyssey done into E1no> 
lish Prose, by S. H. Butcher, M.A., and 
A. Lang. M.A. Cr. Svo. 6s. 

The Odyssey. Books I. — XII. TransL 

into English Verse by Earl of Carnarvon. 
Cr. Svo. 7J. 6d. 

The Iliad done into English Prosb. 

by Andrew Lang, Walter Leaf, ana 
Ernest Myers. Or. Svo. xor. 6d. 

MELEAGER.— Fifty Poems. Translated 
into English Verse by Walter Headlam. 
Fcp. 4to. 7^. 6d. 

MOSCHUS. iJSee Theocritus). 

PINDAR.— The Extant Odes. ByBMiBsr 
Myers. Cr. Svo. 5*. 

PLATO.— TiMiBUS. With Translation, by 
R. D. Archer-Hind, M.A. Svo. i6f. 
iJSee also (k>LDEN Treasury Series, p. ao.) 

POLYBIUS.— The Histories. By E. S. 
Shuckburgh. Cr. Svo. 341. 

SOPHOCLES.— CEdipus the King. TnuM- 
lated into English Verse by E. D. A. Mors* 
HEAD, M.A. Fcp. Sva y. 6d. 

THEOCRITUS, BION, and MOSCHUS. 
By A. Lang, M.A. x8mo. 4r. &t/«— Larstt 
Paper Ekiition. Svo. 9^. 
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XENOPHON.— The Complete Works. 
By H. G. Dakyns, M.A. Cr. 8vo.— Vol. I. 
The Anabasis and Books I. and II. op 
The Hellenica. los. 6d. 

[Voi. II. in the Press. 

From the Italian. 

DANTE.— The Purgatory. With Transl. 
and Notes, by A J. Butler. Cr.Svo. rv.6d. 

The Paradise. By the same. 2nd Edit. 

Cr. 8vo. XM. 6d. 

The Inferno. By the same. Cr. Svo. 

De Monarchia. By F. J. Church. 

Svo. 4J . 6d. 

The Divine Comedy. By C. E. Nor- 
ton. I. Hell. Cr. Svo. (a. 

From the Latin. 

CICERO. — The Life and Letters of Mar- 
cus Tullius Cicero. By the Rev. G. E. 
Jeans, M.A 2nd Edit. Cr. Svo. zos. 6d. 

The Academics. By J.S.Reid. Svo. ss.td. 

HORACE : The Works of. By J. Lonsdale, 
M.A., and S. Lee, M.A. Gl. Svo. y, 6d. 

The Odes in a Metrical Paraphrase. 

ByR.M.HovENDEN,B.A. Ext.fcp.Svo. 4s.6d. 

Life and Character : an Epitome of 

HIS Satires and Epistles. By R. M. 
HovENDEN, B.A. Ext. fcp. Svo. 4^. 6d. 

Word for Word from Horace: The 

Odes Literally Versified. By W. T. Thorn- 
ton, C.B. Cr. Svo. 7*. 6d. 

JUVENAL.— Thirteen Satires. By Alex. 
Lebpbr, LL.D. Cr. Svo. y. 6d. 

LIVY.— Books XXL— XXV. The Second 
Punic War. By A. J. Church, M.A., and 
W. J. Brodribb, M.A. Cr. Svo. js. 6d. 

MARCUS AURELIUS ANTONINUS.— 
Book IV. of the Meditations. With 
Translation and Commentary, by H. Cross- 
ley, M.A. Svo. 6s. 

SALLUST. — The Conspiracy of Catiline 
AND the Jugurthine War. By A. W. 
Pollard. Cr. Svo. 6*. — Catiline. 3*. 

TACITUS, The Works of. By A. T. 
Church, M.A., and W. J. Brodribb, M.A 

The History. 4th Edit. Cr. Svo. 6s. 

The Agricola and Germania. With the 
Dialogue on Oratory. Cr. Svo. 4J. 6d. 

The Annals. 5th Edit. Cr. Svo. 7s. td. 

VIRGIL : The Works of. By J. Lonsdale, 
M.A , and S. Lee, M.A. Globe Svo. y. 6d. 

The iENEiD. By J. W. Mackail, M.A 

Cr. Svo. js. 6d. 

Into Latin and Greek Verse. 

CHURCH (Rev. A. J.).— Latin Version of 
Selections from Tennyson. By Prof. 
CoNiNGTON, Prof. Seeley, Dr. Hessey, 
T. E. Kebbel, &c Edited by A. J. Church, 
M.A. Ext. fcp. Svo. 6s. 

GEDDES (Prof. W. D.).— Flosculi Giuki 
BoREALES. Cr. Svo. 6s. 

KYNASTON (Herbert D.D.).— Exbmplaria 
Chbltonibnsia. Ext. fcp. Rva 5*. 



VOYAGES AND TRAVELS. 

(JSee eUso History; Sport.) 

APPLETON (T. G.).— A Nile Journau 
Illustrated by Eugene Benson. Cr.Svo. 6s. 

"BACCHANTE." The Cruise of H.M.S. 
" Bacchante," 1879 — 1SS2. Compiled from 
the Private Journals, Letters and Note-books 
of Prince Albert Victor and Prince 
George of Wales. By the Rev. Canon 
Dalton. 3 vols. Med. Svo. 52;. 6d. 

BAKER (Sir Samuel W.).— Ismailia. A 
Narrative of the Expedition to Central 
Africa for the Suppression of the Slave Trade» 
organised by Ismail, Khedive of Eg3n[>t. 
Cr. Svo. 6s. 

The Nile Tributaries of Abyssinia, 

AND THE Sword Hunters of the Hamran 
Arabs. Cr. Svo. 6s. 

The Albert N'yanza Great Basin of 

THE Nile and Exploration of the Nile 
Sources. Cr. Svo. dr.' 

Cyprus AS I SAW it IN XS79. Svo. 12s. 6d. 

BARKER (Lady).— A Year's Housekeeping 
IN South Africa. lUustr. Cr. Svo. y. 6d. 

Station Life in New Zealand. Cr. 

Svo. 3^ . 6d. 

Letters to Guy. Cr. Svo. 5*. 

BOUGHTON (G. H.) and ABBEY (E. A.).— 
Sketching Rambles in Holland, with 
Illustrations. Fcp. 4to. 2Zf . 

BRYCE G^unes, M. P.). —Transcaucasia 
and Ararat. 3rd Edit. Cr. Svo. 9;. 

CAMERON (V. L.).— Our Future Highway 
TO India. 2 vols. Cr. Svo. 2k. 

CAMPBELL (J. F.).— My Circular Notes. 
Cr. Svo. 6s. 

CARLES(W.R.).— LifeinCorea. Zyo.i^.6d. 

CAUCASUS : Notes on the. By " Wan- 
derer." Svo. 9*. 

CRAIK (Mrs.).— An Unknown Country. 

Illustr. by F. Noel Paton. Roy. Svo. js.6d. 
An Unsentimental Journey through 

Cornwall. Illustrated. 4to. 12s. 6d. 

DILKE (Sir Charles). {See Politics.) 

DUFF (Right Hon. SirM. E. Grant).- Notes 
OF AN Indian Journey. Svo. xos. 6d. 

FORBES (Archibald). — Souvenirs of some 

Continents. Cr. Svo. 6*. 
Battles, Bivouacs, and Barracks. 

Cr. Svo. 7J. 6d, 

FULLERTON (W. M.X— In Cairo. Fcp. 
Svo. 3X. 6d. 

GONE TO TEXAS: Letters from Our 
Boys. Ed. by Thos. Hughes. Cr.Svo. ^.6d. 

GORDON (Lady Duff). — Last Letters 
FROM Egypt, to which are added Letters 
from the Cape. 2nd Edit. Cr. Svo. 9;. 

GREEN (W. S.X— Among the Selkirk 
(Glaciers. Cr. Svo. js. 6d. 

HOOKER (Sir Joseph D.) and BALL (J.).— 
Journal of a Tour in Marocco and the 
GrREAT Atlas. Svo. sij . 

HtJBNER (Baron von).— A Ramble Round 
the World. Cr. Svo. 6*. 

HUGHES(Thos.).— Rugby, Tennessee. Cr. 
Svo. 4f . 6d. 

KINGSLEY JCharles).— At Last : A Chr* 
mas in the West Inaies. Cr. Svo. 31. 61^' 
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VOYAHXEB AKD TKkYWLM-H^mimmd, 

KINGSLEY (HeoryX— Tales of Old 
Tbavsl. Cr. 8vo. 31. 6d. 

KIPLING 0- L.X— Bkast and Man in 
India. Illustrated. 8vo. nxs, 

MACMILLAN (Rev. HuffhX— Holidays on 
High Lands ; or, Ramblet and Inddeats in 
Search of Alpine Plants. Globe 8va 6s. 

MAHAFFY (Prof. J. P.).— Ramblbs and 
Studies in Grbbcb. lUust. O. Sva xos.dd. 

MAHAFFY (Prof. J. P.) and ROGERS 
CJ. £.).— Skktchbs from a Tour through 
Holland and Germany. Illustrated by 
J. £. Rogers. Ext cr. Svo. xor. 6d, 

MURRAY (E. C GrenvilleX—RouND about 
France. Cr. Svo. 7^. UL 

NORDENSKIOLD. — Voyage of the 
"Vega" round Asia and Europe. By 
Baron A. E. Von NoRDENSKidLD. Trans, by 
Alex. Leslie. 400 Illustrations, Maps, etc. 
3 vols. Svo. 45*. — Poplar Edit. Cr. Svo. 6j. 

The Arctic Voyages of Adolfh Eric 

Nordenskiold, XS5S — 79. By Alexander 
Leslie. Svo. i6r. 

OLIPHANT (Mrs.). {See History.) 

OLIVER (Capt S. P-X— Madagascar : An 
Historical and Descriptive Account of 
the Island and its former Dependen- 
cies. 2 vols. Med. Svo. 52J. 6d. 

PALGRAVE (W. Gifford).— A Narrative 
OF A Year's Journey through Central 
and Eastern Arabia, iS63-63. Cr. Svo. dr. 

Dutch Guiana. Svo. 9*. 

Ulysses; or, Scenes and Studies in 

many Lands. Svo. i2j. bd. 

PERSIA, EASTERN. An Account of the 
Journeys of the Persian Boundary 
Commission, 1870-71-72. 2 vols. Svo. 42*. 

ST. JOHNSTON (A.).— Camping among 
Cannibals. Cr. Svo. 4^. bd. 

SANDYS G. E.).— An Baster Vacation in 
Greece. Cr. Svo. 3J. bd. 

STRANGFORD (Viscountess).— Egyptian 
Sepulchres and Syrian Shrines. New 
Edition. Cr. Svo. 7^. 6d. 

TAVERNIER (Baron) : Travels in India 
OF Jean Baptiste Tavernier. Transl. 
by V. Ball, LL.D. 9 vols. Svo. 43J. 

TRISTRAM. {See Illustrated Books.) 

TURNER (Rev. G.). {See Anthropology.) 

WALLACE (A. R-). {See Natural History.) 

WATERTON (Charles).— Wanderings in 
South America, the North-West of 
THE United States, and the Antilles. 
Edited by Rev. T. G. Wood. lUustr. Cr. 
Svo. 6s.— Peoples Edition. 4to. 6d. 

WATSON (R. Spence).— A Visit to Wazan, 
the Sacred City OF Morocco. Svo. zos.6d. 

TOUNO, Books for the. 

{See also Biblical History, p. 30.) 

iESOP— CALDECOTT.— Some of iEsop's 
Fables, with Modem Instances, shown in 
Designs by Randolph Caldecott. 4to. 5^. 

ARIOSTO. — Paladin and Saracen. Stories 
from Ariosta By H. C Hollway*Cal- 
THROP. Illustrated. Cr. Svo. 6s. 

ATKINSON (Rev. J. C.>.— The Last op 
THE Giant Killers. Globe 8va y. 6d. 



AWDRY (Frances).— The Story of a Fku- 
low Soldier. (A Life of Bishop Pattesoa 
for the Young.) Globe Svo. a«. 6a. 

BAKER (Sir Samuel White).— True Talbs 

FOR MY Grandsons. Illustrated by W. J. 

Hennbssy. Cr. Svo. y. 6d. 
Cast up by the Sea : or, Thb Advsn- 

tures of Ned Gray. Illustrated by Huako. 

Cr. Svo. 6s. 

BUMBLEBEE BO(K)'S BUDGET. By a 
Retired Judge. Illustrated by Axxcb 
Havers. Cr. Svo. as. 6d. 

CARROLL (Lewis).— Alice's Adventurss 
IN Wonderland. With 49 Illustrations by 
Tbnniel. Cr. Svo. 6s. net. 
People's Edition. With all the original 

Illustrations. Cr. Svo. as. 6d. net. 
A German Translation of the samb. 

Cr. Svo. 6s. net. 
A French Translation of the samb 

Cr. Svo. 6s. net. 
An Italian Translation of the samb. 
Cr. Sva 6s. net. 

Alice's Adventures Under-groukd. 

Being a Fascimile of the Orieinal MS. Book, 
afterwards developed into *' Alice's Adven- 
tures in Wonderland." With 37 Illustrations 
by the Author. Cr. Svo. 4;. net. 

Through the Looking-Glass and 

What Alice Found There. With 50 
Illustrations by Tenniel. Cr. Svo. dr. net. 
People's Edition. With all the original 

Illustrations. Cr. Svo. ^ as. 6d. net. 
People's Edition of *' Alice's Adventures in 
Wonderland," and " Through the Looking- 
Glass." X vol. Cr. Svo. 4f. 6d. net. 
— - Rhyme? and Reason? With 65 Illus- 
trations by Arthur B. Frost, and 9 by 
Henry Holiday. Cr. Svo. 6*. neL 

A Tangled Tale. With 6 Illustrations 

by Arthur B. Frost. Cr. Svo. 4f. 6d. net. 

Sylvie and Bruno. With 46 Illustra- 
tions by Harry Furniss. Cr.Svo. 7^.6^ net. 

The Nursery "Alice." TwentyCoIoured 

Enlargements from Tenniel's Illustrations 
to "Alice's Adventures in Wonderland," 
with Text adapted to Nursery Readers. 
4to. 4^. neL 
People's Edition. 4to. as. net. 

The Hunting of the Snark, An agont 

IN Eight Fits. With 9 Illustrations by 
Henry Holiday. Or. Svo. 4^. 6d. net. 

CLIFFORD (Mrs. W. K.).— Anyhow Stories. 
With Illustrations by Dorothy Tennant. 
Cr. Svo. IS. 6d. ; paper covers, is. 

CORBETT Gttlian).— For God and Ck>LD. 
Cr. Svo. 6s. 

CRAIK (Mrs.).— Alice Learmont : A Fairy 
Tale. Illustrated. Globe Svo. 4^. 6d. 

The Adventures OF A Brownie. Illus- 
trated by Mrs. Allingham. G1. Svo. 4;. 6d. 

The Little Lamb Prince and his 

Travelling Cloak. Illustrated by J. McL. 
Ralston. Cr. Svo. ^r. 6d. 

Our Year : A Child's Book in Prosb 

AND Verse. Illustrated. Gl. Sva as. 6d. 

Little Sunshine's Holiday. Globe 

Svo. as. 6d. 

The Fairy Book : The Best Popular 

Fairy Stories. xSmo. 4^. 6d. 

Children's Poetry. Kx.fcp.Svo. 4X.6dL 

Songs of our Youth. Small 4to. 6s, 
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DE MORGAN (Mary).— The Nbcklacb op 
Princess Fiorimondb, and other Stories. 
Illustrated by Walter Crane. Ext. fcp. 
8vo. 3^. 6^ — ^'^'"^ Paper E^., with Illus- 
trations on India Paper. loo copies printed. 

FOWLER (W. W.X iSu Natural History.) 

GREENWOOD aessy E.).— The Moon 
Maiden: AND other Stories. Cr.Svo. 3^.6^ 

GRIMM'S FAIRY TALES. Translated by 
Lucy Crane, and Illustrated by Walter 
Crane. Cr. 8vo. 6s. 

KEARY (A. and E.). — The Heroes op 
AsGARD. Tales from Scandinavian My- 
thology. Globe 8vo. as. 6eL 

KEARY (E.). — The Magic Valley. Illustr. 
by"E,V.B.*' Globe Bvo. 4*. 6^- 

KINGSLEY (CharlesX— The Heroes; or, 
Greek Fairy Tales for my Children. Cr. Svo. 

S. 6d. — Presentation Ed,^ gilt edges, js.ful. 
ADAM How AND Lady Why ; or, First 
Lessons in Earth-Lore. Cr. Svo. 3X. 6d. 
The Water-Babies: A Fairy Tale for a 
Land Baby. Cr. Svo. y. td. — New 
Edition. Illustr. by Linley Sambourne. 
Fcp. 4to. 12s. 6d. 

MACLAREN (Arch.).— The Fairy Family. 
A Series of Ballads and Metrical Tales. 
Cr. Svo. ss. 

MACMILLAN (Hugh). {See p. 35.) 

MADAME TABBY'S ESTABLISHMENT. 
ByKARi. Illust.byL.WAiN. Cr.Svo. ^.6d. 

MAGUIRE (J. F.).— Young Prince Mari- 
gold. lUustratecL Globe Svo. 4^. 6d. 

MARTIN (Frances).— The Poet's Hour. 

Poetry selected for Children. iSmo. 12s. 6d. 

— ^ Spring-TimewiththePoets. I Smo. ■y.ftd. 

MAZINI (LindaX — In the Golden Shell. 
With Illustrations. Globe Svo. 4^. 6d. 

MOLESWORTH (Mrs.).— Works. lUust. by 

Walter Crane. Globe Svo. as. 6d. each. 

" Carrots," Just a Little Boy. 

A Christmas Child. 

Christmas-Tree Land. 

The Cuckoo Clock. 

Four Winds Farm. 

Grandmother Dear. 

Herr Baby. 

Little Miss Peggy. 

The Rectory Children. 

Rosy. 

The Tapestry Room. 

Tell Me a Story. 

Two Little Waips. 

" Us " : An Old-Fashioned Story. 

Children op the Castle. 
A Christmas Posy. Illustrated, by 

Walter Crane. Cr. Svo. 49. 6d, 
Summer Stories. Cr. Svo. 4*. 6d. 

Four Ghost Stories. Cr. Svo. (a. 

Nurse Hbatherdale's Story. Illust. 

by Leslie Brooke. Cr. Svo. 49. ()d. 

"MRS. JERNINGHAM'S JOURNAL" 
(Author oO.— The Runaway. GLSvo. as.dd. 

OLIPHANT (Mrs.). — Agnes Hopetoun's 
Schools and Holidays. Illust. Gl.Svo. zs.6d, 

PALGRAVE (Francis Turner).— The Five 
Days' Entertainments at Wentworth 
Grange. Small 410. 6s, 

The Children's Treasury op Lyrical 

Poetry. iSmo. sx.6<£— Or ins parts, zx. each. 



PATMORE (C).— The Children's Gar- 
land PROM THE best Pobts. Globe Svo. 
as. ; zSmo, as. 6d, net. 

ROSSETTI (Christina). — Speaking Like- 
nesses. Illust. by A. Hughes. Cr.Svo. ^.6d, 

RUTH AND HER FRIENDS: A Story 
POR Girls. Illustrated. Globe Svo. as. 6d, 

ST. JOHNSTON (A.). — Camping among 
Cannibals. Cr. Svo. 4;. 6d. 

Charlie Asgarde: The Story op a 

Friendship. Illustrated by Hugh Thom- 
son. Cr. Svo. 5*. 

"ST. OLAVE'S" (Author of). Illustrated. 
Globe Svo. 

When I was a Little Girl. as. td. 
Nine Years Old. as. 6d. 
When Papa Combs Home. 4;. 6d. 
Pansie's Flour Bin. 4;. 6d, 

STEWART (Aubrey).— The Tale op Troy. 
Done into English. Globe Svo. y. 6d. 

TENNYSON (Hon. Hallam).— Tack and 
THE Bban-Stalk. English Hexameters. 
Illust. by R. Caldecott. Fcp. 4to. y. 6d, 

"WANDERING WILLIE" (Author of).— 
Conrad the Squirrel. Globe Svo. as. 6d. 

WARD (Mrs. T. Humphry).— Milly and 
Olly. With Illustrations by Mrs. Alma 
Tadema. Globe Svo. as. 6d. 

WEBSTER (Augusta).— Daffodil and the 
CroXxaxicans. Cr. Svo. 6s. 

WILLOUGHBY (F.).— Fairy Guardians 
Illustr. by Townley Green. Cr. Svo. 5*. 

WOODS (M. A.). (See Collections, p. 16.) 

YONGE (Charlotte M.).— The Prince and 
the Page. Cr. Svo. 3J. 6d. 

A Book of Golden Deeds. zSmo. 4s.6d.\ 

Globe Svo, as. — Abridged Edition. iSmo. xs. 

Lances of Lynwood. Cr. Svo. as. 6d. 

P's and Q's ; and Little Lucy's Won- 
derful Globe. Illustrated. Cr. Svo. 3^. 6d. 

A Storehouse op Stories, a \ols. 

Globe Svo. as. 6d. each. 

The Population of an Old Pear- 

Tree ; or. Stories of Insect Life. From E. 
Van Bruyssbl. Illustr. Gl. Svo. as. 6d. 

ZOOLOOT. 

Comparative Anatomy — Practical Zoology — 
Entomology — Ornithology. 

{See also Biology; Natural History; 
Physiology.) 

Comparative Anatomy. 

FLOWER (Prof. W. H.).— An Introduction 
to the Osteology op the Mammalia. 
Illustrated. 3rd Eklit. , revised with the assist- 
ance of Hans Gadow, Ph.D. Cr.Svo. zos.6d. 

HUMPHRY (Prof. Sir G. M.).— Obsbrva- 
TioNS IN Myology. Svo. 6*. 

LANG (Prof. Arnold).— Text-Book op Com- 
parative Anatomy. Transl. by H. M. and 
M. Bernard. Preface by Prof. E. Habc- 
KBL. Illustr. 2 vols. Svo. Part I. ijs. net 

PARKER (T. JefferyX— A Course op In- 

STRUCTION IN ZOOTOMY (VeETEBRATA) 

Illustrated. Cr. 8ve. 8x 6d, 
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ZOOLOGY. 

Oomparatlve AjULtomy—amHHmed. 

PETTIGREW (J. BellX— The Physiology 
OP THE Circulation in Plants, in the 
Lower Animals, and in Man. 8va xax. 

SHUFELDT (R. W.X— The Myology o^ 
the Raven {Cortnts corax Sinttatus). A 
Guide to the Study of the Muscular System 
in Birds. Illustrated. 8vo. 13;. net. 

WIEDERSHEIM (Prof. R.).— Elements of 
THE Comparative Anatomy of Verte- 
brates. Adapted by W. Newton Parker. 
With Additions. Illustrated. 8vo. xax. 6d. 

Practical Zoology. 

HOWES (Prof. G. B.).— An Atlas of Prac- 
TicAL Elementary Biology. With a Pre- 
face by Prof. Huxley. 410. 14*. 

HUXLEY (T. H.) and MARTIN (H. N.).— 
A Course of Practical Instruction in 
Elementary Biology. Revised and ex- 
tended by Prof. G. B. Howes and D. H. 
Scott, Ph. D. Cr. 8vo. ios.6d, 

THOMSON (Sir C. Wyville).— The Voyage 
OF THE "Challenger": The Atlantic. 
With Illustrations, Coloured Maps, Charts, 
etc 2 vols. 8vo. 45$. 



THOMSON (Sir C. Wyville).— The Depths 
OF THE Sea. An Account of the Results a( 
the Dredginff Cruises of H.M.SS. "light- 
ning" and * "Porcupine," iSeS-^g-ja With 
Illustrations, Maps, and Plans. 8vo. sis,6d. 

Entomolosy. 

BUCKTON (G. B.).— Monograph of the 
British Cicada, or TETTiGiOiB. In 8 
Parts Quarterly, is. each net. — Part I. Jan. 
1890. vol. I. 33*. 6d. net. 

LUBBOCK (Sir John).— The Origin and 
Metamorphoses of Insects. Illustrated. 
Cr. 8vo. 3f . 6d. 

SCUDDER (S. H.).— Fossil Insects op 
North America. Map and Plates. 2 
vols. 4to. 90s. net. 

Omltbology. 

COUES (Elliott).— Key to North American 
Birds. Illustrated. 8vo. 2/. 2s, 

Handbook of Field and General Or- 
nithology. Illustrated. 8vo. 10s. net. 

FOWLER(W.W.). (^*<? Natural History.) 

WHITE (Gilbert). (See Natural History.) 
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